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SYNOPSIS 


A  better  understanding  of  the  infrared  spectra  of  anomalous  water  coupled 

watern  n1Ve,  miCr  ^  WaSheS  °f  Sla:3s  ^sterns  and  anomalous 

water  preparations  indicates  that  most  of  the  material  called  anomalous  water 

consists  of  substances  either  extracted  from  glass  or  that  are  residues  of  water 

Thus  no  evidence  has  been  found  that  anomalous  water  exists  -  at  least  as  a  form 


A  material  synthesized  in  the  laboratory  (and  likely  to  be  sodium  methyl 
carbonate)  was  identical  to  a  material  isolated  from  glass  by  extraction  with 
methanol.  This  material  exhibits  unusual  chemical  behavior  which  can  help 
explain  some  of  the  (anomalous)  behavior  of  the  material  called  anomalous  water 
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INTRODUCTION  AND  BACKGR  OU ND 


interest  as  has  that  of  a^rna lou^w^e r  6 ^ne  result &of ^ d  "?deSpread 

vastigations,  a  number  of  baffc  aula,  dlBC,P1“e6-  Yet  evan  aftar  these  in- 

either  unanswered  or  incompletely  ans  Je^ed"06™1"8  an°malous  water  remained 

irsr - 


patat,  i  ^  *»- 

pounds  m  amounts  sufficiently  large  to  enable 


I 


2 


permit  an  assessment  to  be  made  of  the  technological  utility  of  the  anomalous 
materials. 


It  is  believed  that  a  knowledge  of  the  impurities  present  and  the  role  such 
impurities  play,  if  any,  in  the  anomalous  water  phenomenon  is  critical  for  an 
accurate  evaluation  of  data  obtained  by  chemical  analysis  and  for  the  optimiza¬ 
tion  of  synthesis  techniques  to  be  made.  Therefore,  the  initial  experimental 
work  was  designed  to  establish  qualitatively  and,  where  possible,  quantitatively 

the  impurities  which  could  be  introduced  during  the  preparation  of  anomalous  ' 
materials. 


It  has  been  demonstrated  that  freshly  drawn  pyrex  and  quartz  capillaries  like 
those  used  for  anomalous  water  preparations  yield  a  water-soluble  residue  when 
they  are  washed  with  distilled  water.  (D  While  the  exact  nature  of  this  water- 
soluble  residue  was  not  characterized,  it  was  shown  that  this  residue  from  the 
water-soluble  fraction  appeared  to  be  different  from  anomalous  material  prepared 
in  the  same  capillaries.  Also,  as  the  number  of  washes  of  a  group  of  capillaries 
was  increased,  it  was  observed  that  the  amount  of  the  residue  from  the  water 
soluble  fraction  significantly  decreased.  However,  after  four  washings,  some 
water-soluble  components  were  still  being  extracted.  ( 1) 

Therefore,  an  integral  part  of  the  present  research  program  was  to  determine 
the  nature  of  the  water-soluble  fraction  and  to  test  if  all  detectable  water-soluble 
material  could  be  removed  from  the  capillaries*,  v  Experiments  were  conducted  in 

which  a  group  of  pyrex  capillaries  was  washed  until  no  detectable  water-soluble 
component  was  removed. 


The  residue  from  the  water  used  for  each  wash  was  retained  separately  for 
analysis  to  determine  the  elemental  composition  of  each  residue  and  to  approximate 
the  relative  rate  at  which  each  element  was  removed.  These  same  "cleaned" 
capiUaries  were  then  used  to  prepare  anomalous  material  and  to  investigate  if 
additional  components  of  the  pyrex  were  extracted. 


Exactly  analogous  experiments  were  performed  using  propanol- 1  instead  of 
water  in  the  initial  investigation  of  anomalous  organics. 

U ’  bas  been  observed  by  a  number  of  researchers  that  anomalous  water  forms 
delectably  only  from  water  vapor.  (2)  Also,  it  has  been  reported  that  in  some  cases 
solubility  can  be  increased  by  as  much  as  9  orders  of  magnitude  in  a  thin  layer  of 
solvent,  as  opposed  to  the  bulk  solvent.  (3)  Thus  research  included  experiments  to 
test  if  such  an  abnormal  solubility  effect  is  involved  in  the  formation  of  anomalous 

materials.  Accordingly,  capillaries  were  washed  with  water  vapor  in  a  pressure 
cooker.  r 


It  has  been  proposed  that  the  anomalous  character  of  anomalous  water  is  due 
to  the  extraction  of  some  unspecified  component  of  the  glass  from  which  the  capil- 
aries  are  made.l  Such  an  extract,  like  anomalous  water,  would  have  a  density 
and  index  of  refraction  greater  than  those  of  water. 


*In  t,lis  rcP°r'->  the  terms  capillary  and  tube  arc  used  interchangeably. 


3 


To  investigate  if  some  water-soluble  fraction  of  a  „i,cc  ,  , 
the  reported  infrared  spectrum  of  anomalous  wa  e"  xp  imentT  aC"°r 
to  determine  the  kind  and  amounts  of  material  whici,  c^d  b"  extraTted  Zt" T' 
ous  glasses  Crushed  portions  of  seven  different  glasses  were  extracted  with  " 

^sti'roS 

portions  of  glass  involved  extraction  of  pyrex  and  quarts.  X'sT  woo  "!th  it r '' 

Infrared  spectra  of  these  extracts  were  recorded.  wool  with  water. 

During  the  final  half  of  the  research  emDhasis  c  a 

of  anomalous  water  to  the  studv  of  thn  L  e™Pha*ls  shifted  from  the  preparation 

could  be  either  extracted ZZ  1  IJ  “  chemis‘ry  °‘  a  compound  which 

a.  the  University  of  MarylSf]  The'  ,Ms’ t *»• 

the  mf  d  spectrum  of  thjs  ctpouJ  -rtthat-ifr  cZ^d  couT/bf' 
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experimental 


Liquid  Water  Cleaning  of  Capillary  Tubes 


lor  the  liquid  water  cleaning  experiments,  about  500  freshly  pulled  pyrex 

500  h  CS  *  PyrGX  b&king  dish  and  the  tubes  were  covered  with 

500  ml  of  demineralized  water.  The  baking  dish  was  then  covered  with  Saran  wrap 

and  allowed  to  stand  (with  occasional  shaking)  for  seven  days.  On  the  seventh  day 
he  water  was  poured  off  into  a  round-bottomed  pyrex  flask.  The  baking  dish  and 
tubes  were  dried  in  an  oven  at  100  C  and  then  a  second  cleaning  was  started  by  add¬ 
ing  another  500  ml  of  demineralized  water  to  the  dish.  This  weekly  cleaning  cycle 
was  repeated  until  the  500  tubes  had  been  washed  15  times. 

whereTmosftlafkf>,COntaining  *  Singl6  W&Shing  Was  then  Placed  on  a  rotary  evaporator 
where  most  of  the  water  was  removed.  At  the  point  where  a  few  ml  of  water  re¬ 
mained  in  the  flask  the  evaporation  was  stopped  and  the  water  was  transferred  to 
weighed  pyrex  vial.  The  remaining  water  was  removed  by  evaporation  with  N2 

added  !oThg  °1  !  dry  r6SidUe  WaS  °btained-  A  few  dr°Ps  ol  water  were  then 

added  to  the  vial  and  aliquots  of  the  solution  were  removed  for  infrared,  emission 
and  electron  microprobe  analysis. 

The  washing  was  halted  and  the  tubes  were  considered  "cleaned"  when  the 

than  oy  ?mle  reSridUe  lTOm  the  15thwashine  gave  no  detectable  weight  (less 
than  0.  1  mg)  and  no  infrared  spectrum  could  be  obtained  from  the  residue  by  the 

LW  ftO  V'“eLW0H  o%°'he.r  Wa^in?S •  These  0amples  things  are  designated 
LW'H2°-2»  etc-  The  letters  stand  for  liquid  wash  with  water  and  the 
numbers  indicate  which  washing. 

In  addition,  several  standards  or  blanks  were  obtained.  LW-H2O-OO  is  the 

LWH,'o»  IT  ^  Wa‘eV  USed  in  ‘heSe  e*Pei-ima»‘a-  LW-H2O-01  and 

tZ-Z°n  t:7t  he  h  SeC°nd  SyStem  MankS’  rasPa-'ively.  A  system  blank 
a  duplicate  of  the  washing  experiments  without  the  tubes  being  present.  Thus 

bak^T  t  r  ‘:onslderation  is  the  residue  obtainable  from  a  water  wash  of  the 
baking  dish,  round-bottomed  flask,  and  vial. 


Preparation  of  Anomalous  Materials  from  Water 


,  ,  The *  technique  used  in  cur  laboratory  for  preparation  of  anomalous  material 

has  been  described  in  detail  D  and  will  be  only  briefly  described  here.  The  capil- 
ary  tubes  are  placed  on  pyrex  Petri  dishes  resting  on  a  porcelain  plaie  in  a  grease- 
less  desiccator.  A  pyrex  evaporating  dish  containing  demineralized  water  is  placed 


A  complete  list  of  sample  notations  is  given  in  Appendix  A. 


5 


soalo‘', wil\a ~  or  ab“u* 

moved  from  the  desiccator  and  the  anomalous  mater  lit  Vs  '  17'w'"5  a''°  '°" 
by  washing  with  demineralized  water.  This  wash  water  is  Ih  7  '7™  lh°  ‘“b°S 

bottomed  flask  and  the  residue  is  obtained  by  the  sine  n  o  f  ? 

liquid  washing  experiments.  Pioceduie  as  used  in  the 

Two  types  of  preparation  were  attempted  In  nnn  tv,~  „  .  1 

been  washed  15  times  (and  designated  "cleaned")  were  used  forTrcna^r  I  T*" 
anomalous  material.  This  preparation  is  labeled  H,0  CP  1  PrCparat‘01’  °r  *<= 

then  dried  and  placed  in  the  desiccator  for  a  second  preparation  VhoT  ‘  7 
suiting  from  this  is  labeled  H.O-CP-2  (fP  ^  PreParation.  The  sample  re- 

process  was  repeated  for  eigh't  preparations .  fcAo  second  ThiS 

pyrex  tubes  which  had  not  been  washed  llt  Second  lyPe  of  experiment, 

The  first  sample  is  labeled  H20-UP-  1  (UP  stands  {'***  ^  ^  preParation- 

process  was  repeated  for  sevL  preparations  ^  PyreX)*  ™S 


Preparation  of  Anomalous  Mate 


Solutions 


preparation  w^initUte!? ustneVs' T f°rmation  of  an°™alous  material,  a 
The  method  of  pr.pa,^  ^a d  »f  H20. 

pyrex  tubes  were  washed  several  times  with  water  a  d ^  V<5  6XCept  lhe 

prior  to  being  placed  in  the  desiccator.  ”  Several  times  Wlth  ethanol 

tilled  water.  The  ™jo” ‘portitnlTthe  1‘Jll  wat'e'rT'SO  ml^tair"1  <,UadrUPl)'  dis‘ 

r™  Tzzrztrfr Hel- A  waier  c 

resulting  concentrated  solution  Tto  “hC  ' 

3  Tccnt  hz°2  p^p^™  ^  i^ieT11" 

solution  for  infrared  analyses  thecal  e**  P  aHquot  of  concent ration 

«0  C  in  air.  This  samp^Td^^  Wod  ^  6°  a' 


Vapor  Water  Cleaning  of  Capillary  Tubes 


water  £  which. eapiUary  tubes  were  cleaned  with 

power  for  glass  than  does  liquid  water.1  Vn  thfs  eT^ .Watcr  has  a  greater  solvent 
used  to  generate  the  water  vapor  as  steam  About  ^On"6"1  *  prcssUre  cooker  was 
in  the  pressure  cooker  for  periods  up  to  eight  hours  The'* 
poured  off  and  the  residue  worked  up  via  a  rotn  ’  H  reSldual  water  was 
wash  experiments .  These  samples  Lre  labeled"  VwZo'7  vw’^O  T*  '*'*  " 
ers  stand  for  vapor  washing  with  water  and  the  numbers  ind icTleTvhioh  washilg' 
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Liquid  Propanol  Cleaning  of  Capillary  Tubes 


nor  to  the  preparation  of  other  anomalous  materials  (such  as  from  propanol 
instead  of  water),  capillary  tubes  were  repeatedly  washed  with  liquid  propanol  The 
procedure  and  experimental  arrangement  was  identical  to  that  described  for  the 
liquid  water  except  that  99  percent  plus  propanol  was  used  for  the  washing  instead 
leminerali/.ed  water.  These  samples  are  designated  LW-Pr-1,  LW-Pr-2,  etc. 


Sample  LW-Pr-00 
ings.  LW-Pr-01  is  the 
to  cover  the  baking  dish. 


is  the  residue  obtained  from  the  propanol  used  in  the  wash- 
residue  from  a  propanol  extraction  of  the  Saran  wrap  used 


lrr i  .In  addltlon>  sample  LW-Pr-2  was  cross -extracted  with  carbon  tetrachloride 
(Cei4)  and  infrared  spectra  obtained  on  both  the  CC14  solubles  and  the  CCL. 
insolubles.  4 


Liquid  Water  Extraction  of  Crushed  Glasses 


Experiments  were  designed  to  determine  the  composition  of  extractable 
matena!  from  various  glasses.  About  150  grams  each  of  seven  types  of  glass  were 
crushed  with  a  mortar  and  pestle  and  transferred  rapidly  into  a  new  round-bottom 
xlask  containing  about  150  grams  of  quadruply  distilled  water.  The  crushing  was 
one  on  0  to  50-g  portions  of  glass.  Each  portion  was  transferred  rapidly  into  the 
wa  er  to  optimize  contact  of  the  freshly  formed  glass  surfaces  with  the  water  The 
giass  was  finely  crushed,  but  no  attempt  to  control  particle  size  was  made.  Each 
crushed  glass  remained  in  contact  with  water  for  10  days.  The  samples  were 
periodically  agitated.  The  water  was  decanted  and  filtered  through  a  Gooch  cruci¬ 
ble  using  a  slurry  of  Whatman  No.  1  filter  paper  to  remove  the  fines.  After  fil¬ 
tration  the  volume  of  the  water  was  reduced  to  ~4  ml  by  the  method  described 
sdovg  tor  , 

These  ^mpies  are  designated  CG-V-1,  CG-Q-1,  etc.  CG  stands  for  crushed 
fvne  *Xlractl°"  a"d  1  slSnihes  the  first  extraction.  The  middle  letter  indicates  the 

7n^°7nc9aSV  V=Vycor’  Quartz,  P=P/rex,  N=Nonex,  C=cobalt,  U=uranium  and 
7052-7052  glass.  CG-H2O-01  is  a  system  blank.  The  blank  was  a  150-g  aliquot  of 
the  same  water  used  for  extracting  crushed  glass.  The  blank  was  carried  through 
all  operations  described  above  except  that  it  was  never  exposed  to  a  crushed  glass 


Liquid  Water  Extraction  of  Glass  Wool 


To  Ur!_h^rfSludy  the  imposition  of  extractable  material  from  glass,  500  rn 
lasks  were  half  filled  with  either  pyrex  or  quartz  glass  wool.  The  flasks  were 
then  filled  with  250  ml  of  demineralized  water  and  allowed  to  stand  (with  occasional 
shaking)  for  10  days.  The  water  was  decanted  into  a  flask  and  was  evaporated  bv 
the  process  used  for  the  liquid  water  cleaning  of  capillary  tubes.  The  original  glass 
o  was  then  used  for  a  second  water  extraction.  These  samples  are  designated' 
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GW-P-H20-1  and  -2  and  GW-Q-H,0-1  an,i  •>  T 

were  obtained.  These  blanks  duplicated  the  ’  n.adclll,on  two  standards  or  blanks 

wool  was  placed  in  the  flasks.  These  sampled !!»' ™Cn'!il  C°"ditions  exccP‘  no  glass 

e  SamPJes  are  designated:  GW-H^O-j  and  -2 


Synthesis  of  Carbonate  Derival  ivo 


Univefsnrof1 ^  ^ 

glass  wool  that  ga^e  an  fnfrared  sp“  £  f™" 

infrared  spectra  of  anomalous  water.  Later  th  M ^  T  tC  h°lp  °Xplain  thc 

synthesize  this  compound  and  the  synthesis  has^ince^  gr°UP  f°Und  lhat  il  touJd 
tory.  In  thisa  saturated  solution  nf  cnrT  k-  "  Gen  rePcaIed  in  our  labora- 

prepared.  After  vary.ng  periods  „  t™*'  <NaIIC°3)  “  "»th.nol  is 

residual  NaHCO,.  When  this  methanol  •  ’  '  m'Uiinol  is  decanted  from  any 

infrared  spectrum  which  is  not  that  of  Na^O^  Th^  ^ °  rC^dual  Solid  8ives  an 
residual  solid  and  of  the  compound  extracted  from  af  1"  ^  Spectra  of  this 
is  this  residual  solid,  apparently  a  nur^  8  W°01  WGrC  ldentical.  It 

research  effort  in  the  latter  half  of  th  C°mp°Und>  v'hich  occupied  most  of  the 
ferent  infrared  «“•>  *  =HgMly  dif- 

used  as  the  solvent  instead  of  methanol.  ^  manner  when  ethanol  is 


Analyses 


Infrared  Spectroscopy 

Sampl^ ^fn™  ^  l7  «>  spectrophotometer, 

NaCl  plates.  It  is  significant  that  all  1  ”  P‘  S  °r  £ilms  from  Pr«Panol  on 

could  be  obtained  without  a  beam  condenser  or  ThTus^fVcT 


Electron  Microprobe 

Microprobe  manufactured^  the^Ma totals °A  &  Mode^ 400s  Scanning  Electron 
prepared  for  the  electron  microprobe  by  laying  films  °™P!lny-  The  samPles  were 
high  purity  aluminum  plates.  X-ray  imLJ  of  .1  ^  i  7  °T  proPano1)  on 

in  various  figures  through™,!  lim  report  Tho  dlStri'iUtions  a™  shown 

r*UUv*  emmi  CiiVtiT  Llu.  rfl|>Wu  1 111  M. 

Tfrn  pcmU  of  cam  Ion  in  iho  bikumutlon  (if  ^  lhp 

tarn plea  chawed  varying  am  nun  in  u{  3  l,miM  mvnlinnrd  hvi-e.  All 

Thi.  coupled  With  the  hiph  vacuum  used  TnThe  eWo'n 'mu,  ""''‘’’i  olec"'on 

electron  microproTio  eairiplu  m]jjhi  nut  hc  ,  -  mlL  that  the 

"«<«  fur  other  technique,  „f  analyll,  sJZTl  "'"'r"1™  "*  ««n*hr, 

^  4*  figure,  repre.cnu  unly  a  entail  portion  J 
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later,  all  elements  are  not  distributed  evenly  throughout  the  sample,  and  thus  the 
electron  microprobe  analysis  might  not  be  representative  of  the  entire  sample. 


Emission  Spec.t  rog  raphy 

The  emission  analysis  was  performed  on  an  ARL  1.  5  meter;  25,  000  line/inch 
grating  instrument.  The  spectra  were  recorded  on  photographic  film  in  the  region 
2200A  to  9400A. 

Partial  results  of  the  emission  analyses  are  listed  in  several  tables  through¬ 
out  this  report.  The  total  emission  results  are  listed  in  Appendix  C.  All  values 
are  expressed  in  micrograms  vvith  an  accuracy  of  ±50  percent.  The  weights  of 
the  samples  used  for  emission  analysis  are  not  known;  therefore  some  measure  of 
sample  amount  is  needed  in  order  to  be  able  to  compare . samples  realistically.  The 
next  to  last  column  of  Appendix  C  gives  the  total  weight  of  the  elements  detected. 
Values  reported  as  <0.  1,  <1.0,  <50.  0,  etc.  are  included  in  the  total  as  0.  1,  1.0, 

50.  0,  respectively.  For  some  samples,  a  camera  was  used  which  did  not  give  pre¬ 
cise  values  for  K  (only  reported  as  <50.  0).  For  the  same  samples,  no  values  are 
reported  for  Co,  Sb,  and  As.  Thus  the  last  column  of  Appendix  B  gives  the  total 
weight  of  the  elements  detected  minus  the  weight  of  K.  Using  the  weights  reported 
in  this  last  column  does  not  guarantee  direct  comparison  of  samples,  but  does  give 
a  better  means  of  evaluating  large  scale  changes  in  elemental  composition;  espe¬ 
cially  for  samples  containing  equivalent  amounts  of  K. 


Other  Analyses 

Conventional  wet  chemical  C,  H,  and  N  analyses  were  done  whenever  the 
samples  were  large  enough.  These  results  are  listed  in  Table  3.  The  weights  of 
the  residues  obtained  from  the  various  washings  and  preparations  are  listed  in 
Table  1. 

Mass  spectral  data  were  obtained  using  both  a  Finnigan  1015  quadruple  mass 
spectrometer  and  a  high  resolution  instrument  (MS-9)  manufactured  by  Associated 
Electrical  Instruments  ( AEI).  The  thermal  gravimetric  analyses  were  done  on  a 
Cahn-RG  recording  microbalance. 
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RESULTS 


Liquid  Water 
Preparation  of 


Cleaning  of  Capillary  Tubes  and 
Anomalous  Materials  from  Water 


Infrared  Spectra 

of  capill^ryHfubes 'ar e^how^n^Figure^^and^V00!’}!!0,1^  ^  ^  Cleaning 
the  first  preparations  of  anomalous  materfals  from  T  ,  °f  S°me  °f 

tabes  are  also  shown  in  Figure  2.  r  Utlllzin8  th  ese  cleaned 

stretching  region  fromP3350S 1 o'i S^tTcm"  ^ ar®^.absorptlon  in  the  conventional  OH 
lous  water  prepared  in  pyrex  tubes  ThiR  k  ^  &PpearS  to  be  typical  of  an  anoma- 
of  OH  absorption  whan  compared  to  the  OH  baXf  water'  Very'  VBrV  SmaH  •mo“* 

2850  zn^OOoTm-l.  ° migM^„edSicaht°W  1  CH  aDBOrptio"  between 

gloves  are  always  used)  or  absorption  ot°  S°me  lne°rprlnl  contamination  (although 
washed  off  eachHme  because  waterTs  not  a Tod  'T” 

going  from  LW-HzO-l  through  th  LW  H  O  i?  ^  S°lvent  °r  many  organics.  On 
be  decreasing,  but  then  it  increases  aeain  e  ‘hea™°Unt  °f  CH  ™‘crial  appears  to 
H20-CP-2  there  is  a  weak  1730  cm’l T*  , P<!  *y  ln  H,0-CP-2.  I„  sample 
A  CC14  extraction  of  H.O-CP-2  gave  a  ”1  ^  additi0"  *°  the  CH  absorption. 

3000  cm-1  absorption  and  1730  cm-*  abs  W  7u  spectrum  showed  only  2850- 

sity  to  account  for  all  the  absorpHons  a,  the seT.  relative  inten- 

spectrum  of  H,0-CP-2.  Thus  the  nr«a  •  requencies  which  are  seen  in  the 

of  the  spectrum  of  anomalous  water  sampUs'™  °  removed  without  affecting  the  rest 

‘h=  -b^m-v^r1  r/u  i/So  r-.r  wa;ir\sW  tw°  abs^ti°"  •»-  - 

1680  cm-1  band  being,  generally  the  sTon  '  b  “‘ty  **  at  I68°  with  the 

(although  difficult  to  see  in  the  figures)  that  the  s  "7  ’°7 . 11  15  ,nteres‘ing  to  note 
preparations  also  show  two  bands* i^“ ^ - .“V 
other  is  shifted  to  1620  cm-1  Tn  .{*  „  ne  ls,  at  1680  cm  l,  but  the 

absorption  in  the  spectra  of  the  preparations6  This^  ^  alwSSy  the  stronger 

that  a  different  chemical  species  is  present  in  th  °  SerVatl°n  strongly  suggests 
All  washings  (LW-H,0-1  through  LW  H  O  \A\  °  pJ'eparatlons  tha"  in  the  washings. 

Figure  3)  show  the  abeorpti™ at  ,6«  Vu  (LW-«2°-°2 

(Figure  3)  have  this  absorption  at  1020  cm-'l  ^hUsh^'0"'-1"01^*"8  H2°‘UP-1 
believed  to  be  significant.  '  lft  1S  quite  consistent  and  is 

broad  absorption  which  show^twtV^kJ;  one'arOM0'  360  waBhin6B  filve  very 

1410  cm-1.  The  peak  near  1350  rm-l  •  -350-1360  cm  and  one  near 

occasionally  the  peaks  are  nearly  Z ^ 
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FIGURE  1.  INFRARED  SPECTRA  OF  (A)  LW-Il-O-1,  (B)  I,W-H20-2,  (C)  LW-H20-12,  AND  (D)  LW-H20-13 


INFRARED  SPECTRA  OF  (A)  LW-H20-14,  (B)  L„-H20-15,  (C)  H20-CP-1,  AND  (D)  H20-CP-2 


V 


INFRARED  SPECTRA  OF  (A)  LW-H20-02,  (B)  H20-CP-1,  (C)  H-O-BF-1,  AND  (D)  H,0-CP-2 
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of  the  anomalous  water  preparations  show  a  strong  14 in  -1  . 

best,  a  weak  1350  cm-1  absorption  (the  width  of  the  moT  -  abs°rP‘i°"  with,  at 

cult  to  determine  if  a  1350  cm"!  absorb  1410  Cm  1  band  makes  it  diffi- 

ings  and  preparations  is  best  seen  in  Figure ^  ^The"^  Thl®  shift  belween  wash- 

(lW-H2O-02)  clearly  shows  strong  absorption  at  1350^  T  IT  V 
(HzO-CP-l,  H20-UP-1,  and  HpO-CP-Z  !  1350  cm-1  while  the  preparations 

the  1400  cm-1  spectral  region  also  clearly  shQS  Tfr  10  Cm"  absorPtion-  Thus 
water  washings  and  the  preparations.  Y  WS  dlfferences  between  the  liquid 

Spectral  differences  are  also  sppn  in  fuQ  non  -1 
are  not  differences  between  washings  and  preparation^  J681011-  However,  these 
sion  consider  two  areas  of  infrared  absornti^  fi  For  pUrpoSes  o{  discus- 
1040  to  1090  cm-1  and  from  1  OM 

LW-H20-1  and  LW-H?0-2  show  strong  u  igure  1  it  can  be  seen  that 

while  LW-H20-12  and  LW-HaO  13  g  8  absorPtlon  in  the  1040  to  1090  cm-1  ranee 
would  seem  to  .odi:^1^^:Xr0,,S*r  ^  •**  '  '2°  -U4° 
to  the  1040-90  cm-  1  absorption  more  Than  ,he  T!!;em°Vlng  the  •«-«*•.  giving  rise 

cm-  component.  However  in  LW  „,0 -14 figure  a'llTY*?  *°  'he  U2°-40 
equal  intensity  again.  From  Fio„r.  I  -4  8  2)  these  bands  are  nearly  of 

cleaned  tubes  (H20-CP-1  and  H?0-CP  6  T*  ^  ^  preParations  in 

However,  while  Lo-UP-1 TTf  *  g  *  *  Stronger  1 120-40  cm-1  peak. 
definitely  some  1040-90  cm-1  abs*  S  *°ngef  H20"H40  cm~l  absorption  there  is 
LW-H2O-02  gives  mainly  1040M095^  ^ 

while  spectra  of  further  preparation^  T™  ClG*ned  tubes  are  sh°wn  in  Figure  4 
In  general,  the  spectra  in  Figures  4  andTsho  th"^  ^  SWn  in  FlgUre  5‘ 

spectra  in  Figures  1  to  3  .  However  there  f  SamG  trGnds  dis— d  for  the 

being  the  spectrum  of  H20-CP-3  (Top  Figure^^  ^  exceptlonsI  the  major  one 
centration  of  a  nitrate  and  the  frequencies  are  dn  ffPGC  rUm  showS  a  hi8h  con" 
The  reasons  for  the  anomaly  are  not  v  ,  t0  those  of  sodium  nitrate. 

This  behavior  is  especially  oecul  “  aS  been  obsarved  before(b) 

and  HaO-CP-4  (Hgure 4 1  'VJ'T  he  SpeC!ra  <>'  H.O-CP-2  (Figure  3D) 
preparations.  ’  °p  are  ^’Pical  of  normal  anomalous  water 

ure  5,?eeco°n^:hm  to^l°L^tren it S  ’T 'T  ^ 

Figure?!  ITjoVuJr  ^  j“dged  tha  aP-tra  of 

LW-H20-1  and  LW-H20  2 1°  record  the  spectra  of 
in  the  amount  of  residue  availablp  f0  i  ‘  Tbere  was  a  significant  decrease 

(Figures  1C  and  -D).  The —  LW^H LW-H20-13 
trum  (Figure  2A)  showed  only  weak  bands2  Th  was  very  sma11’  the  resulting  spec- 
perceivable  and  no  spectrum  (Fitrurp  ?n\  '  m ,  residue  LW-H20-15  was  barely 
these  residues  and  Tba  *°‘a>  weights  If 

indications  of  the  above  trends  due  to  the  washings  ’  Weights  giV,i  cloarer 


1200  1000  800 


FIGURE  4.  INFRARED  SPECTRA  OF  H2O-CP-3  (TOP),  H20-CP-4 
(SECOND  FROM  TOP),  HzO-CP-7  (SECOND  FROM 
BOTTOM),  AND  H20-CP-8  (BOTTOM) 
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FIGURE  5.  INFRARED  SPECTRA  OF  H20-UP-3  (TOP),  H20-UP-5  (SECOND 
FROM  TOP),  H20-UP-6  (SECOND  FROM  BOTTOM)  AND 
H20-UP-7 (BOTTOM) 
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TABLE  1  WEIGHTS  OF  RESIDUES  FROM  LIQUID  WATER 
CLEANINGS  AND  ANOMALOUS  MATERIAL 
PREPARATIONS 


Sample 

Weight, 

(mg) 

LW-H2O-02  (blank) 

0.  4 

lw-h2o-i 

3.  6 

LW-H20-2 

1.  5 

lw-h2o-io 

0.  5 

LW-HzO-  14 

0.3 

LW-H20-15 

no  measurable 

h2o-cp-i 

weight,  <0.  1 
0.  4 

H20-CP-2 

0.  3 

HzO-CP-3 

0.  3 

H20-CP-4 

1.3 

H20-CP-5 

0.  6 

HzO-CP-6 

1.0 

H20-CP-7 

1.3 

H20-CP-8 

0.  5 

h2o-up-i 

1.4 

H20-UP-2 

1.3 

H20-UP-3 

1.3 

H20-UP-4 

0.  8 

H20-UP-5 

1. 2 

HzO-UP-6 

0.  5 

H20-UP-7 

1.2 
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After  the  15th  wash,  the  tubes  were  judged  to  be  "cleaned"  and  an  anomalous 
iiatenal  preparation  using  these  tubes  was  started.  Even  though  these  were 
cleaned"  tubes,  material  was  observed  in  the  tubes  after  they  were  used  for  a 
preparation.  When  the  material  was  removed  from  the  tubes  and  the  normal  water 
evaporated,  the  weight  of  material  from  this  first  preparation  was  determined  to 
be  0.  4  mg.  While  this  is  greater  than  the  non-measurable  «0.  1  mg)  weight  of  the 
15th  washing,  it  is  not  as  much  as  had  been  produced  in  past  preparations  at 
battelle,  and  is  in  the  range  of  washings  LW-H2O-10  to  LW-H20-14.  This  obser¬ 
vation  alone  may  indicate  that  a  new  material  is  formed  in  the  tubes  during  the 
preparation  process  or  it  may  only  indicate  that  the  vapor-like  washing  that  goes 
on  during  the  preparation  can  leach  additional  materials  from  the  glass  even  after 
tiie  glass  tubes  had  been  cleaned  by  the  liquid  washings.  The  variation  in  weights 
and  the  fact  that  material  is  continually  produced  (H20-CP-2  to  H20-CP-8)  lends 
weight  to  the  vapor-like  washing  leaching  additional  material  from  the  glass  tubes. 


Jhe  preparation  in  the  uncleaned  tubes  should  give  a  weight  in  the  range  of 
the  3  6  mg  obtained  for  the  first  washing  (LW-H20-1)  if  a  vapor-like  washing  is  as 
effective  as  a  liquid  washing.  Since  it  did  not,  the  formation  of  a  material  in  the 
taibes  during  the  preparation  could  be  supported.  However,  again,  varying  weights 
of  material  are  found  in  all  these  preparations  (H20-UP-2  to  H20-UP-7). 


Jhe  sPectra  of  virtually  all  the  preparations  are  qualitatively  similar.  Thus 
the  differences  in  the  weights  of  these  preparations  may  only  reflect  amounts  of 
available  sample  and  not  changes  in  composition.  This  will  be  discussed  further 
m  following  sections. 


The  spectra  of  the  washings  in  Figures  1  and  2  all  show  the  1600  cm'1  band 
to  be  weaker  than  the  1400  cm-1  band.  The  spectrum  of  the  first  preparation  in 
these  cleaned  tubes  (H20-CP-1)  shows  an  intensity  reversal,  i.  e.  ,  the  1600  cm-1 
band  is ;  stronger  than  the  1400  cm' 1  band.  In  the  pastd)  we  have  used  the  latter 
intensity  relationship  as  one  indication  of  the  formation  of  a  new  material  during 

^3ePa.ri,  °n  proce8s*  At  the  present  time  it  would  appear  that  the  relationship 
based  on  the  stronger  1600  crn'l  versus  1400  cm-1  band  must  be  qualified  since  in 

•klinn  ’  lt-‘r  C  ear  y  seen  that  the  sPectra  Of  both  H20-CP-2  and  H20-UP-1  show 
the  1600  cm  band  to  be  weaker  than  the  1400  cm-1  band  (as  in  ,he  H  Q  washi 

samples)  Tie  reversal  of  intensity  of  the  1600  and  1400  crn'l  bands  is  also  seen 
m  some  of  the  spectra  of  Figures  4  and  5. 


Emission  Analysis 

Emission  spectrographic  analyses  have  been  obtained  on  all  the  liquid  wash¬ 
ing  samples  and  on  the  first  few  preparations  of  anomalous  materials  from  water 
Complete  emission  results  on  all  samples  are  given  in  Appendix  C.  Partial  emis- 
8!on  results  for  the  washings  and  preparations  are  given  in  Table  2.  The  elements 

sample"  W  th%h  ^  ^  SW  Welght  changes  °n  S°in*  from  sample  to 

sample.  With  this  criterion  elements  such  as  Ba,  Mn,  Fe,  Sn,  Ni,  Cu,  Ti  and 

Cr  are  not  included  in  Table  2.  Note  that  the  numbers  represent  the  toJal  weight 

“  micr°grams  of  each  of  the  elements  observed.  Since  all  of  the  elements  present 


TABLE  2.  PARTIAL  EMISSION  SPECTROGRAPHIC  ANALYSES  FOR  LIQUID 
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in  the  sample  (such  as  C,  O,  S,  Cl)  are  not  observed  and  since  the  total  weight  of 

the  sample  is  not  known,  comparisons  between  samples  must  be  made  with  some 
caution. 


The  water  (LW-H2O-OO)  used  in  the  washings  is  comparatively  clean,  i  e 
comparatively  free  of  the  elements  listed  in  Table  2.  Comparing  the  analysis  of  ’ 
the  water  (LW-H2O-00)  to  the  analysis  of  the  system  blanks  or  washings 
(LW-H2O-01  and  L\V-H2O-02)  shows  that  additional  elements  are  being  extracted 
from  the  system  (the  baking  dish,  flask,  and  vial).  Principal  among  these  appear 
to  be  B»  Sl>  and  Ca-  The  differences  between  the  two  system  blanks 

(LW-H2O-01  and  LW-H2O-02),  can  reasonably  be  used  to  indicate  the  limits  of 
accuracy  between  any  two  samples.  The  analysis  of  the  first  tube  washing 
(LW-H20-1)  shows  a  large  increase  in  some  elements  when  compared  to  the  anal¬ 
yses  of  the  system  blanks.  This  observation  shows  that  comparatively  large 
amounts  of  B,  Si,  Ca,  and  especially  Na  are  being  extracted  from  the  pyrex  cap¬ 
illary  tubes.  In  fact,  comparison  of  the  analyses  of  LW-H2O-01  and  LW-H?0-14 
indicates  that  except  for  Na  the  quantity  of  elements  present  in  LW-H20-14  the 
last  listed  tube  washing,  is  similar  to  that  of  the  system  blank.  However  it  must 
be  mentioned  here  that  in  LW-H20-14  some  of  the  material  present  must  still  be 
coming  from  the  tubes  since  at  this  point  the  system  has  also  gone  through  14  wash- 
!?g£\  IhTerefore  the  14th  system  Wank  should,  in  theory,  yield  less  material 

than  LW-H2O-01. 


Some  of  the  numerical  values  from  the  emission  analyses  of  the  residues 
rom  tube  washing  are  not  yet  understood;  for  example  the  exceptionally  high  Na 
and  K  values  in  LW-H20-2,  or  the  low  values  for  all  elements  in  LW-H20-12  and 
LW-H20-13.  Part,  but  not  all,  of  the  low  values  can  be  explained  by  a  much 

smaller  total  sample  for  LW-H20- 12  and  LW-HzO- 13. 


The  first  preparation  using  the  cleaned  tubes  (H20-CP-1)  gives  emission 
analysis  values  that,  except  for  Na,  are  below  the  values  for  the  last  listed  tube 
washing  (LW-H20- 14).  In  fact  the  emission  values  for  the  first  preparation  are 
within  the  range  (again  except  for  Na)  of  the  elements  of  the  two  system  blanks 

(LW‘t52°"°1  *nd  LW-H2O-02)  and  are  distinctly  lower  than  the  emission  values 
tound  for  the  first  preparation  in  uncleaned  tubes  (H20-UP-1).  As  would  be  ex¬ 
pected  the  values  found  for  HzO-UP-l  are  most  similar  to  those  found  for  the  first 
tube  washing  (LW-H20-1). 

The  second  and  third  preparations  in  cleaned  tubes  give  values  for  the  ele- 
ments  which  are  distinctly  higher  than  those  of  the  first  preparation.  On  the  other 
and  the  second  preparation  in  uncleaned  tubes  gives  elemental  values  that  are  be¬ 
low  the  first  preparation  in  uncleaned  tubes  and  in  the  range  of  some  of  the  prepara 
tion  in  cleaned  tubes.  In  addition  all  preparations  are  qualitatively  similar  in 
elemental  composition  whether  from  cleaned  or  uncleaned  tubes.  Since  the  tube 
washings  demonstrate  that  material  can  be  extracted  from  the  tubes,  the  results 
for  all  preparations  would  tend  to  indicate  further  extraction  rather  than  formation 
of  a  new  substance. 
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Electron  Microprobe  Analysis 

In  addition  to  the  metals  detected  by  emission  spectroscopy,  electron  micro¬ 
probe  microanalysis  is  also  capable  of  detecting  many  nonmetals.  Electron  micro¬ 
probe  analyses  have  been  obtained  on  all  the  liquid  washing  samples  and  on  some 
of  the  preparations  of  anomalous  materials  from  water.  The  complete  electron 
microprobe  results  are  listed  in  Appendix  B.  These  results  are  given  in  numerical 
values  which  represent  the  density  counts  per  second  for  each  element  studied.  In 
most  cases  a  range  is  given  for  the  extremes  observed  over  the  area  covered  by 
the  electron  beam.  Use  of  these  numerical  values  can  often  provide  a  better  basis 
for  comparison  of  the  overall  composition  of  samples  than  X-ray  images. 

However,  the  X-ray  images  often  provide  information  on  the  distribution  of 
elements  within  a  specific  sample  area.  Such  X-ray  images  are  shown  for  two 
samples  in  Figures  6  through  11.  X-ray  images  are  shown  for  only  two  samples 
since  these  two  are  fairly  representative  of  the  remainder  of  the  samples. 

Figures  6  to  8  are  X-ray  images  of  the  first  system  blank,  sample 
LW-H2O-OI.  X-ray  images  of  the  first  preparation  from  cleaned  tubes,  sample 
H2O-CP-I,  are  shown  in  Figures  9  to  1 1 .  It  was  previously  stated  that  based  on 
emission  analysis  results  LW-H2O-OI  and  H2O-CP-I  had  similar  elemental  com¬ 
positions  except  for  the  Na  content.  The  X-ray  images  and  Appendix  B  support 
most  of  the  emission  results.  The  B  X-ray  images  in  Figures  6  and  9  indicate  a 
slightly  higher  boron  or  B  content  in  LW-H2O-OI  than  in  H2O-CP-I;  consistent 
with  the  emission  results  in  Table  2.  The  X-ray  images  in  Figures  6  to  11  also 
show  roughly  equal  amounts  of  C,  K,  Ca,  S,  and  Mg  for  the  two  samples  which 
agrees  with  the  count  per  second  values  in  Appendix  B  and  with  the  emission  values 
for  K,  Ca  and  Mg  in  Table  2.  The  X-ray  images  (and  the  numerical  values  from 
Appendix  B)  indicate  a  higher  concentration  of  both  Si  and  O  in  the  system  blank 
(LW-H2O-OI)  than  in  the  residue  from  the  clean  tube  preparation  (H2O-CP-I);  con¬ 
sistent  with  the  emission  values  for  Si.  There  are  no  emission  values  for  O. 

For  Cl,  the  X-ray  images  indicate  approximately  equal  quantities  in  the  two 
samples  except  that  H2O-CP-I  shows  a  very  heavy  concentration  of  Cl  in  certain 
spots,  some  of  which  are  observed  as  a  cross  pattern.  However  for  Na,  the  elec¬ 
tron  microprobe  results  do  not  agree  with  the  emission  results.  Both  the  X-ray 
images  and  the  numerical  values  in  Appendix  B  indicate  a  higher  concentration  of 
Na  in  LW-H2O-OI  than  in^O-CP-l,  yet  the  emission  results  in  Table  2  indicate 
much  more  Na  in  H2O-CP-I  than  in  LW-H2O-OI.  This  discrepancy  may  result 
(as  noted  in  the  Experimental  section)  from  the  fact  that  the  electron  microprobe 
beam  covers  only  part  of  the  sample.  Thus  if  Na.  is  not  evenly  distributed  in  one 
of  the  samples,  it  would  be  possible  for  the  electron  microprobe  and  emission 
analyses  to  differ  since  the  emission  analysis  is  a  function  of  the  total  sample. 

In  fact,  it  is  somewhat  surprising  that  there  are  not  more  such  differences. 

Uneven  distribution  of  elements  has  been  noted  in  several  samples  and  these 
can  be  discerned  from  the  numerical  values  in  Appendix  B.  Most  notable  of  these 
is  LW-H2O-2.  In  this  sample  large  crystals  resembling  pentagons  are  observed 
around  the  edge  of  the  sample.  These  large  crystals  have  not  been  detected  in  any 


FIGURE  6.  ELECTRON  MICROPROBE  ANALYSES  OF  LW-HgO-Ol  SHOWING  THE  BACK  SCATTERED 
ELECTRON  IMAGE  OF  THE  SAMPLE  AND  THE  X-RAY  DISTRIBUTION 
IMAGE  FOR  B.  Na,  AND  C 


*ii  -1 1 


^  :  i 


§§§ 

^  V*  .  f i  * 


LW-HaO-Ol  a,* 


22k 


FIGURE  7.  ELECTRON  MICROPROBE  ANALYSES  OF  LW-H2O-01  SHOWING  THE  X-RAY 

DISTRIBUTION  IMAGES  FOR  Mg  AND  02,  THE  BACK  SCATTERED  ELECTRON 
IMAGE  OF  THE  SAMPLE,  AND  THE  X-RAY  DISTR1I  *ON  IMAGE  FOR  K 
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FIGURE  8. 
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ELECTRON  MICROPROBE  ANALYSES  OF  LW-H2O-01  SHOWING  THE  X-RAY 
DISTRIBUTION  IMAGES  FOR  Ca,  Cl,  S,  AND  Si 
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FIGURE  9.  ELECTRON  MICROPROBE  ANALYSES  OF  H2O-CP-I  SHOWING  THE  BACK 
SCATTERED  ELECTRON  IMAGE  OF  THE  SAMPLE  AND  THE  X-RAY 
DISTRIBUTION  IMAGES  FOR  B,  Na,  AND  C 
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FIGURE  10.  ELECTRON  MICROPROBE  ANALYSIS  OF  HgO-CP-l  SHOWING  THE  X-RAY 
DISTRIBUTION  IMAGES  FOR  Mg  AND  O,  THE  BACK  SCATTERED 
ELECTRON  IMAGE  OF  THE  SAMPLE,  AND  THE  X-RAY  DISTRIBUTION 
IMAGE  FOR  K 
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FIGURE  11.  ELECTRON  MICROPROBE  ANALYSES  OF  H20-CP-1  SHOWING  THE  X-RAY 
DISTRIBUTION  IMAGES  FOR  Ca.  Cl,  S,  AND  Si 
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other  sample.  The  crystals  contain  a  very  heavy  concentration  of  K  and  some  Cl 
but  not  nearly  enough  Cl  to  satisfy  stoichiometry  with  the  K.  All  the  other  ele¬ 
ments  reported  were  detected  in  the  area  away  from  the  large  crystals. 


As  can  be  seen  in  Appendix  B,  Cl  was  found  to  be  concentrated  in  spots  for 
most  of  the  samples  rather  than  being  evenly  distributed.  Most  of  the  time  (as  in 
the  X-ray  images  of  H20-CP-  1)  no  cationic  element  was  detected  which  showed  a 
pattern  of  spots  similar  to  that  found  for  Cl.  Occasionally,  however,  some  of  the 
Si  distribution  patterns  were  similar  to  that  of  Cl. 


Silicon,  like  Cl,  many  times  was  found  to  be  unevenly  distributed,  i.  e. 
heavily  concentrated,  at  the  edge  of  the  sample.  K  and  Ca  were  found  in  heavier 
concentrations  at  the  edges  for  the  beginning  tube  washings  (LW-H20-1,2,  and  12) 
but  were  more  uniformly  distributed  for  the  other  samples. 

For  any  given  element,  the  electron  microprobe  analyses  can  be  used  to 
detect  changes  in  concentration  of  that  specific  element  among  the  various 
samples.  However  the  greatest  benefit  of  the  electron  microprobe  work  to  this 
point  in  the  research  came  from  the  detection  of  elements  that  cannot  be  studied  by 
emission  spectroscopy,  i.e.  ,  C,  O,  Cl,  and  S.  Quantitative  values  of  the  con¬ 
centration  of  these  elements  cannot  be  obtained.  However  it  is  important  to  note 
that  these  elements  were  detected  in  all  of  the  system  blanks,  all  of  the  liquid 
washings,  and  all  of  the  preparations  from  cleaned  or  uncleaned  tubes  alike  The 
only  possible  exceptions  are  those  of  LW-H20-2  and  LW-H20-14  where  the  S  con¬ 
tent  appears  to  be  near  trace  quantities. 

It  is  especially  important  (for  purposes  of  interpreting  the  infrared  spectra) 
to  note  that  C  was  detected  in  every  sample.  Based  on  a  count  of  about  2475  (per 
second)  for  carbon  in  a  graphite  standard,  it  can  be  estimated  that  the  carbon 
weight  percentage  in  these  samples  of  residues  is  in  the  5  to  15%  range.  The  total 
quantity  of  elements  may  be  decreased  with  washing,  but  all  element-  originally 
detected  in  the  blanks  and  first  wash  (LW-H20-1)  are  present  at  all  stages  to  vary¬ 
ing  degrees.  Thus  no  element  originally  detected  was  completely  removed  by 
washing  —  even  for  tubes  which  had  been  cleaned  15  times. 


C,  H,  N  Analysis 

Wet  chemical  or  combustion  C,  H,  N  analyses  were  obtained  whenever  the 
sample  was  large  enough.  These  values  are  listed  in  Table  3.  Such  analyses  were 
obtained  for  three  samples  of  which  only  one  (LW-H2G-1)  is  in  the  group  of  samples 
being  presently  discussed.  Even  for  these  samples,  the  amount  of  material  was 
small  enough  that  it  is  difficult  to  state  accuracy  limits  for  these  analyses.  How¬ 
ever  for  LW-H20-1,  the  carbon  percentage  is  at  the  extreme  upper  limit  deduced 
from  the  electron  microprobe  analyses. 


It  is  interesting  here  to  note  that  N  was  detected  in  sample  LW-IBO-1 
C,  H,  N  analyses  for  the  other  samples  will  be  discussed  in  later  sections. 


The 
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TABLE  3.  C-I-I-N  ANALYTICAL  RESULTS  OF  RESIDUES 


Sample 

%C 

%H 

%N 

LW-H2O-I 

16.  2 

2.  2 

2.  5 

h2o2-p-i 

12.  1 

2.  5 

4.  2 

LW-Pr-1 

38.  9 

5.  6 

2.  0 

Preparation  of  Anomalous  Material  From  H?0?  Solutions 

Infrared  Spectra 

nl  f  ,A  PreParation  of  anomalous  material  using  3  percent  aqueous  H?0?  was  com- 
pleted.  The  purpose  of  this  preparation  was  to  learn  more  about  the  role  oxygen 
might  play  in  the  formation  of  anomalous  material.  Some  surprising  results  were 
ob.am.d  First  the  yield  from  the  3  percent  H2Q2  preparation  was  about  5  mg 

retd  f"8**  ,  In  lddita'  the  inured  spectra  (shown  in  Figure  12)  of  the 

feren  '  percent  H202  preparation  are  similar,  yet  have  distinct  dif- 

inn  ’  W  'en  cornPared  to  ‘he  spectra  of  anomalous  material  prepared  from 

HcbrnTe1  T  “‘"I  Pr<!Pardd  *“'"»•*  analyses^  distinCTy 

stick  to  the  touch,  differing  from  most  preparations  from  100  percent  water  The 

top  spectrum  (A)  of  Figure  12  shows  the  residue  obtained  fronlthe  3  percent' H70^ 

preparation.  Spectrum  (b)  is  that  of  a  much  thicker  run  of  the  first  spectrum  2  2 

If  mat  intense  spectra  are  easily  recorded  is  an  indication  of  the  large  quantity 

matenai  available  In  addition,  the  absorption  bands  are  sharper  and  at  more 

met  frequencies  than  in  any  previous  spectrum  of  anomalous  material. 

Instead  of  the  usual  broad  OH  stretching  vibration  (seen  in  preparations  from 

aIdT230  cm^l  TMeCtbUm  Bh°WS  ‘hree  °H  peaks  "6ar  346°*  3380. 

and  3230  cm  .  This  observation  indicates  that  three  types  of  OH  groups  are 

aPt?680  a"d  tlloTm1-6!.  JJiVeZO  “s  IlTthe  ^  a”  a"d 

i  /inn  -1  •  ’  ,  th  PreParations  from  pure  water.  In 

400  cm-Cr  Th7  uT  fC“  ^  ^  *  M7°  ^  ^  shoulder  ,near  or 

00  cm  The  14  i  0  cm  1  frequency  is  high  compared  to  1410  cm’1  in  the  oreo- 

arations  from  pure  water.  A  band  is  observed  at  1175  crn'l  with  some  additional 

absorption  on  the  low  frequency  side  near  1090  cm’  1 .  In  addition,  a  weak  band  at 

87  cm  is  observed  in  the  spectrum  of  the  thicker  sample. 

400  r  Spectrum  (C)  of  Figure  12  shows  the  results  of  heating  (b)  of  Figure  10  at 
400  C  for  five  minutes.  The  three  OH  peaks  in  the  3400  cm'l  region  have  dis- 

ZZZnn  ^  m°re  br°ad  °H  band  iS  observed.  The  intensity  the  bands 

Thl  1680  a-l  ‘4°°,Cm  regi°n  arC  diminished  compared  to  the  1100  1  band 

The  1680  cm  has  disappeared  and  the  1640  cm‘1  band  has  shifted  to  1  cm-1 
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The  1470  cm-1  peak  shows  a  large  shift  to  1425  cm-1  and  a  peak  at  1325  cm’1  can 
now  be  clearly  seen.  The  appearance  of  a  band  near  1425  cm-1  could  signify  car¬ 
bonate  formation,  but  no  confirming  band  near  880  cm'l  can  be  detected  as  is  the 
usual  case.  The  1 100  cm  '  absorption  of  (C)  appears  unchanged. 

After  heating  (C)  of  Figure  12  at  400  C  for  an  additional  60  minutes,  spectrum 
(D)  is  obtained  (H2C>2-P-1H).  Upon  heating,  the  sample  begins  to  brown  and  after 
60  minutes  at  400  C,  it  appears  to  be  a  black  powder.  The  1640  cm-1  absorption  of 
spectrum  (B)  now  appears  at  1615  cm“l.  The  band  in  the  1400  cm-1  range  has 
broadened,  reversed  the  original  direction  of  its  shift  and  now  appears  near 
1450  cm  .  The  band  at  1325  cm"  1  can  no  longer  be  seen.  The  1  145  cm" 1  band 
has  decreased  in  intensity,  but  is  still  very  strong.  The  787  cm"1  band  is  missing 
from  the  spectrum  of  (D),  but  a  new  band  appears  at  1000  cm"'.  The  frequency 
shifts  due  to  heating  this  ample  are  summarized  in  Table  4.  From  these  fre¬ 
quencies  it  can  be  seen  that  even  though  the  frequencies  of  the  unheated  sample 
(H202"P"1)  are  somewhat  different  than  those  of  preparations  from  pure  water  the 
frequencies  of  the  heated  sample  (H202-P-1H)  are  quite  similar  to  those  of  pre¬ 
parations  from  water.  In  fact,  the  spectrum  of  P202"P~1H  would  compare  quite 
well  to  spectra  of  samples  such  as  H2C>2-CP-1  a  ml  H20-UP-1,  except  for  the  in¬ 
tensity  of  the  1145  cm"'  band. 


Emission  Analysis 

As  an  aid  to  interpreting  the  infrared  spectral  changes  due  to  heating  H202-P-l, 
emission  analyses  of  t^C^-P-l  and  I^C^-P-IH  were  obtained.  Partial  results  of 
these  analyses  are  given  in  Table  5  together  with  the  emission  values  obtained  for 
preparations  from  pure  water  (H20-CP-1  and  H20-UP-1)  for  comparison.  Complete 
emission  results  are  given  in  Appendix  C.  Considering  the  drastic  spectral  changes 
between  H202_P_1  and  H202~P-1H,  the  differences  in  elemental  composition  are 
surprisingly  small.  Some  Na  and  K  are  lost  by  heating  the  sample,  but  this  is  off¬ 
set  by  a  gain  in  Ca  upon  heating.  (It  is  at  present  difficult  to  understand  how  Ca  in¬ 
creases  by  heating  a  sample.  )  Comparing  the  H202  preparations  (H202-P-l)  to  the 
preparations  from  pure  water  shows  that  the  H202  residue  contains  much  less  Na 
than  the  H20  residues.  For  other  elements  the  H202  residue  is  closer  to  H2O-CP-I 
(except  for  Mg  and  possibly  B)  than  to  H20-UP-1.  This  is  somewhat  understandable 
since  the  pyrex  tubes  used  for  the  H202  preparation  were  washed  several  times  with 
water  and  several  times  with  ethanol  before  the  preparation  was  started.  Thus  the 
H202  tubes  are  probably  nearer  the  condition  of  the  cleaned  tubes  used  for  H20-CP-1 
rather  than  the  uncleaned  tubes  used  for  H20-UP-1. 


Electron  Microprobe  Analysis 

The  electron  microprobe  results  for  H202-P-1  and  H202-P-1H  tend  to  support 
the  emission  spectrographic  results  for  these  two  samples  and  give  information  about 
changes  in  concentrating  of  elements  not  analyzed  by  emission  spectrography .  Nu¬ 
merical  values  of  the  electron  microprobe  analyses  are  given  in  Appendix  B. 

Figures  13,  14,  and  15  are  X-ray  images  of  an  edge  of  H202-P-1.  The  sample 
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TABLE  4.  FREQUENCY  SHIFTS  (cm-1)  DUE  TO  HEATING  II2Oz-P-l 


H202-p-! 


h2o2-p-i 

(5  min.  ,  400  C) 


3360 


H2O2-P-IH 
(6  0  min.  ,  400  C) 


3400 


1680 


1640 

1470 

- 1625  — 

1400  (Sh) 

— 1425  — 

1325  IShl 

- -1 3Z5 

1145 

1090  (Sh) 

- -  1 14  5  — 

1615 

1450 


1 145 


1000 


787 


787 
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FIGURE  13.  ELECTRON  MICROPROBE  ANALYSES  OF  H202-P-1  SHOWING  THE  BACK 
SCATTERED  ELECTRON  IMAGE  OF  THE  SAMPLE  AND  THE  X-RAY 
DISTRIBUTION  IMAGES  FOR  B,  Na,  AND  C 


FIGURE  14.  ELECTRON  MICROPROBE  ANALYSIS  OF  H202-P-1  SHOWING  THE  X-RAY  DISTRIBUTION 
IMAGES  FOR  Mg  AND  O.  THE  BACK  SCATTERED  ELECTRON  IMAGE  OF  THE  SAMPLE, 
AND  THE  X-RAY  DISTRIBUTION  IMAGE  FOR  K 


FIGURE  15.  ELECTRON  MICROPROBE  ANALYSIS  OF  H202-P-1  SHOWING  THE 
X-RAY  DISTRIBUTION  IMAGES  FOR  Ca.  Cl.  S  AND  Si 
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TABLE  5.  PARTIAL  EMISSION  SPECTROGRAPHIC  ANALYSES  FOR 
ANOMALOUS  MATERIAL  PREPARATIONS 


Sample 

Elements  (up) 

B 

Si 

Fe 

Mg 

A1 

Na 

Ca 

K 

h2o2-p-i 

2.  0 

3.  0 

0.  1 

5.  0 

0.  1 

5.  0 

1.  0 

5.  0 

h2o2-p-ih 

1.  0 

3.  0 

0.  1 

5.  0 

0.  5 

2.  0 

8.  0 

1.  0 

H20-CP-1 

0.  3 

2.  0 

0.  1 

1.0 

0.  2 

20.  0 

2.  0 

<50.  0 

h2o-up-i 

5.  0 

10.  0 

0.  5 

5.  0 

1.  0 

30.  0 

5.  0 

<50.  0 

H2O2-P-IH  was  prepared  for  the  electron  microprobe  study  by  scraping  the  black 
powder  off  the  Irtran  plate  used  for  the  infrared  study  onto  an  A1  disc.  In  anticipa¬ 
tion  of  fixing  the  black  powder  to  the  A1  plate,  a  drop  of  water  was  placed  on  the 
black  powder.  The  area  of  the  drop  of  water  was  many  times  larger  than  the  area 
of  the  black  powder.  After  the  water  had  evaporated,  the  black  powder  was  ob¬ 
served  in  approximately  its  original  position.  However,  a  heavy  white  film  covered 
the  area  where  the  drop  of  water  had  been.  The  film  was  many  orders  of  magnitude 
more  residue  than  could  be  obtained  from  just  a  drop  of  water.  Therefore  part  of 
the  original  black  powder  is  believed  to  have  dissolved  in  the  water  and  thus  spread 
out  over  the  area  of  the  drop.  Figures  16,  17,  and  18  are  X-ray  images  of  the 
black  portion  of  this  sample  (H2O-P-IH).  Some  of  the  white  portion  could  be  under 
the  black  powder  particles.  Figures  19,  20,  and  21  are  the  Xrray  images  of  the 
white  portion  of  the  sample.  There  does  not  appear  to  be  any  of  the  black  material 
mixed  in  with  the  white  material.  Appendix  B  and  Figures  13  to  21  suggest  that  the 
carbon  concentration,  if  anything,  increases  upon  heating  from  the  12.1  percent  for 
H202“P“1  indicated  by  Table  3.  The  carbon  is  much  more  heavily  concentrated  in 
the  black  powder  particles  than  in  the  white  portion  of  the  heated  sample.  This  in¬ 
crease  upon  heating  is  also  true  of  O  and  Cl,  with  O  more  heavily  concentrated  in 
the  white  portion  and  Cl  fairly  evenly  distributed,  The  microprobe  results  confirm 
the  Ca  increase  on  heating  H2O2-P-I.  In  summary,  C,  O,  Cl  and  Ca  all  apparently 
increase  upon  heating.  Since  it  is  impossible  to  see  how  these  elements  could  form 
during  the  heating  process,  it  must  mean  that  the  concentration  of  the  other  elements 
decreased  and  C,  O,  Cl,  and  Ca  became  a  bigger  percentage  of  the  total  sample. 

The  microprobe  results  indicate  that  S  concentration  remains  about  constant,  but  is 
heavier  in  the  white  portion  of  the  sample  than  the  black.  The  Si  content  is  not  af¬ 
fected  by  heating  (as  emission  indicates),  the  white  portion  of  the  heated  sample  has 
almost  no  Si. 
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FIGURE  16.  ELECTRON  MICROPROBE  ANALYSIS  OF  THE  BLACK  PORTION  OF  H2O2-P-II!  SHOWING 
THE  BACK  SCATTERED  IMAGE  OF  THE  SAMPLE  AND  THE  X-RAY  DISTRIBUTION 
IMAGES  FOR  B,  Na,  AND  C 


not  reproducible 


FIGURE  17.  ELECTRON  MICROPROBE  ANALYSIS  OF  THE  BLACK  PORTION  OF  1I202-P-1H  SHOWING  THE  X-RAY 
DISTRIBUTION  IMAGES  FOR  Mg  AND  O,  THE  BACK  SCATTERED  ELECTRON  IMAGE  OF  THE 
SAMPLE,  AND  THE  X-RAY  DISTRIBUTION  IMAGE  FOR  K 


H$Oj- P~ I H  (b^ck) 


S'® 


HOT  reproducible 
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FIGURE  18. 


ELECTRON  MICROPROBE  ANALYSIS  OF  THE  BLACK 
THE  X-RAY  IMAGES  FOR  Ca,  Cl,  S  AND  Si 


PORTION  OF  HgOg-P-HJ  SHOWING 


aac/c 


NOT  REPRODUCIBLE 


i 

| 
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39  A 


FIGURE  19.  ELFCTRON  MICRO  PROBE  ANALYSIS  OF  THE  WHITE  PORTION  OF  1 1202  -P-1II  SHOWING  THE 
BACK  SCATTERED  ELECTRON  IMAGE  OF  THE  SAMPLE  AND  THE  X-RAY  DISTRIBUTION 
IMAGES  FOR  b,  Na,  AND  C 


NOT  REPRODUCIBLE 


FIGURE  20.  ELECTRON  MICROPROBE  ANALYSES  OF  T11W  WHITE  1ORT10N  OF  1 12°2 -P-111  SHOWING  Till 
X-RAY  DISTRIBUTION  IMAGES  FOR  Mg  AND  O,  THE  BACK  SCATTERED  ELECTRON  IMAGE 
OF  THE  SAMPLE,  AND  THE  X-RAY  DISTRIBUTION  IMAGE  FOR  K 
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FIGURE  21. 


ELECTRON  MICROPROBE  ANALYSES  OF  THE  WHITE  PORTION  OF  ll202-P 
X-RAY  DISTRIBUTION  IMAGES  FOR  Ca,  Cl.  S,  AND  Si 


1  SHOWING  Till' 


NOT  REPRODUCIBLE 
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Vapor  Water  Cleaning  of  Capillary  Tubes 


Since  the  preparation  of  anomalous  materials  is  essentially  a  vapor  process, 
it  was  deemed  advisable  to  repeat  the  liquid  cleaning  procedure,  but  using  vapor 
water  instead  of  liquid  water.  This  was  done  by  producing  the  vapor  (as  steam)  in 
a  typical  pressure  cooker. 

The  results  were  discouraging  and  somewhat  unproductive.  The  reasons  for 
this  statement  can  be  seen  in  Figure  22,  which  shows  the  spectra  obtained  from  th 
three  vapor  washings  of  capillary  tubes.  The  top  (a)  spectrum  (VW-II^O-3)  is 
totally  that  of  an  organic  molecule  which  is  unlikely  to  come  from  the  pyrex  tubes. 
Water  extraction  of  the  rubber  gasket  of  the  pressure  cooker  yielded  a  residue 
which  gave  a  spectrum  identical  to  (A).  Spectrum  (B)  indicates  the  presence  of 
more  inorganic,  material  than  (A),  but  still  shows  the  presence  of  the  gasket  extract. 
The  bottom  (C)  spectrum  (VW-H2O-5)  is  much  like  that  of  liquid  water  extracts  of 
glass  tubes  and  snows  no  organic  gasket  extract.  However,  even  after  a  lengthy 
water  extraction  of  the  gasket,  residues  were  sometimes  obtained  which  gave 
spectra  like  (C)*  but  sometimes  (and  randomly)  the  residues  give  spectra  like 
either  (A)  or  (B).  Because  of  this  gasket  contamination  and  because  repeated  prep¬ 
arations  in  both  cleaned  and  uncleaned  tubes  (which  in  a  sense  is  a  vapor  cleaning 
were  carried  out,  the  pressure  cooker  cleaning  experiments  were  discontinued. 


Liquid  Propanol- 1  Cleaning  of  Capillary  Tubes 


Infrared  Spectra 


Some  of  the  same  type  problems  encountered  in  the  vapor  cleaning  experi¬ 
ments  gave  problems  in  the  propanol- 1  washing  experiments.  The  detection  of 
these  problems  can  be  seen  in  Figure  23.  The  top  spectrum  (A)  is  of  the  residue 
from  the  first  tube  washing  with  propanol-1  (LW-Pr-1).  While  other  materials 
are  also  present,  the  major  component  is  an  organic  phthalate. 

At  first  it  was  suspected  that  the  phthalate  might  originate  from  the 
propanol- 1  used  for  the  washing.  Thus  the  residue  was  obtained  from  evaporation 
of  an  amount  of  propanol-1  equal  to  that  used  for  the  washings.  The  spectrum  of 
this  material  (LW-Pr-00)  is  shown  in  the  middle  spectrum  (B)  of  Figure  23.  While 
a  surprisingly  large  residue  from  99+  percent  pure  propanol- 1  is  indicated,  only  a 
small  portion  of  this  material  is  a  phthalate.  ,  The  spectrum  of  this  propanol- 1 
residue  does  confirm  where  some  of  the  other  materials  in  spectrum  (A)  originate. 
However,  another  source  of  phthalate  contamination  is  indicated.  The  only  re¬ 
maining  possibility  is  the  Saran  wrap  used  to  cover  the  baking  dish  which  holds  the 
propanol  and  the  glass  tubes.  Accordingly  we  extracted  some  Saran  wrap  with 
propanol-1  and,  after  evaporation  of  the  propanol-1,  obtained  the  bottom  (C) 
spectrum  in  Figure  23,  This  is  clearly  the  spectrum  of  a  phthalate  and  establishes 
the  source  of  the  additional  phthalate  contamination. 
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FIGURE  22.  INFRARED  SPECTRA  OF  (A)  W-H  0-3,  (B)  VW-H  0-8 
AND  (C)  VW-H  0-5  2  2 
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iriKKARITI)  .'II'KCTMA  OK  (A)  I.W-IV-I.  (  i;>  r.W-l’r-OO,  Af.'l)  (C)  T.W-l’r-O  I 
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Emission  Analysis 


Lw-pri  and  lw-p-2-  Uy 

one  can  still  obtain  mucfvalua’b  e i llZZ  Z™  ^  ^  ^ 

emission  values  for  the  first  tw«  ...  ,  °  fr°m  these  experiments.  Partial 

with  those  for  the  first  two  water  waihes.  "  hSl°d  *"  TaWe  6  l°8ethor 

the  tub“sWsLrlfcaarto„tht,Pra0Pan°1'1  'T*'’  be  a  bet“!r  ->lven.  ««,  elements  in 

LW-Pr-2  evtr^L  i  1  ’  maybe  K-  The  second  propanol-1  wash 

Lw-Pr.f:  ™r ut^uS;”  rmrihe  tha- did  ihe  **  «•». 

soiubility  in  the  second  wash  are  no.  und^r  st'ood.  ’  Note'  ho  Je^r™^  ^7 
water  wash  extracted  much  more  Na  and  K  than  did  the’firsTwater  wash  " 


Electron  Microprobe  Analysis 

LW-Pr  h2°de„1’Cl,r°n  mlcroprobe  resu,ls  !^ted  in  Appendix  B  for  LW-Pr-1  and 


Solvent  Extractions 


be  vermeed°br.heaS!,0fraread  ^rToV  ““  T T ‘  in°rea"iC  i0nS  'r°m  ®la6s  «» 

residues.  These  spectra  are  shown  in  pTgureT/^The^on °nS  °!  Pr°pa"°1"1  wash 
the  second  propanol- 1  residue  LW  pr  ?8  u  .  '  ,  top  sPectrum  (A)  is  that  of 

phthalate  contaminant.  Spect^m  b'.s  that  o^thl  CC ,  TkV”1  U  *“  ‘°  ^ 

and  app  be  almosl  _  phlhaIate  ^^4  ^W.P,.* 

S^walht  of  gPlOar::0,nuSLLW^s'2i«WaMCh  ^  ”“"M"  ““  <*  *• 

orCanic  and  inor8anic  portions  of  thc«^“*ief  cL^  b"midT  SpPar‘‘‘1°nS  0f  lhe 
sons  the  organics  could  be  separated  from  water  washing  Sa”e 
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Cm'1 

FIGURE  24.  INFRARED  SPECTRA  OF  (A)  LW-Pr-2,  (B)  THE  CC1  SOLUBLE  PORTION  OF  LW-Pr-2,  AND  (C)  THE  CC1  INSOLUBLE 
PORTION  OF  LW-Pr-2  4  4 
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Liquid  Water  Extractions  of  Crushed  Glasses 


Infrared  Spectra 


The  infrared  spectra  of  the  residue  of  the  water  extraction  of  the  seven 
types  of  crushed  glass  are  placed  in  three  groups  as  seen  in  Figures  25,  26, 
and  27.  Figure  25  shows  the  spectra  obtained  from  the  water  soluble  residue  of 
Nonex  glass  (A),  7052  glass  (B),  and  cobalt  glass  (C).  The  spectra  of  this  group 
of  samples  are  characterized  by  a  strong  band  in  the  1350-1450  cm'1  range  and  a 
strong  band  in  the  1070  to  1180  cm-1  region.  For  CG-N-1  and  CG-C-1  the  lower 
frequency  band  is  the  stronger  while  for  CG-7052-1,  the  high  frequency  band  near 
1400  cm'*  is  the  stronger.  In  Figure  26,  the  spectra  of  water  soluble  residue 
from  uranium  glass  (A),  Vycor  glass  (B),  and  quartz  glass  (C)  are  characterized 
by  a  very  weak  band  in  the  1400  cm-1  region  and  a  stronger  band  near  1075  cm  >. 
The  intensities  of  the  bands  in  this  group  of  samples  are  much  weaker  than  the  in¬ 
tensities  of  the  bands  in  the  spectra  shown  in  Figure  26.  This  intensity  difference 
between  the  two  groups  of  spectra  (Figure  2  5  versus  Figure  26)  reflects  the  dif¬ 
ference  in  the  amount  of  residue  obtained  by  water  extraction.  Much  more  mater¬ 
ial  was  extracted  for  CG-N-1,  CG-7052-1,  and  CG-C-1  than  for  CG-U-1  CG-V-1 
and  CG-Q- 1 .  ’  ’ 


The  spectrum  of  the  water  extract  of  pyrex  glass  is  shown  in  the  top  spec¬ 
trum  (A)  of  Figure  27.  The  ratio  of  the  band  near  1400  cm"1  to  the  one  near 
1075  cm"  is  intermediate  between  that  from  the  group  of  samples  in  Figure  25 
and  the  group  of  samples  in  Figure  26.  The  amount  of  material  extracted  from 
CG-P-1  also  is  intermediate  between  the  amounts  of  material  extracted  from  the 
other  two  groups.  This  difference  in  amount  is  also  reflected  by  the  fa  :t  that  the 
intensities  of  all  the  bands  of  CG-P-1  are  also  intermediate  between  the  intensities 
of  the  bands  of  the  other  two  groups.  The  lower  spectrum  of  Figure  27  is  of  the 
residue  of  an  amount  of  water  equal  to  that  used  for  the  extraction  which  had  pre¬ 
viously  stood  in  a  round-bottomed  flask  for  the  same  length  of  time  as  the  extrac¬ 
tions.  Thus  it  is  the  system  blank  (CG-H2O-01)  for  the  group  of  crushed  glass 
experiments.  - - - - 

This  spectrum  CG-H2O-01  shows  that  the  extremely  weak  bands  cannot 
account  for  much  of  the  spectra  of  the  water  soluble  residues  from  the  glasses 
except  possibly  for  the  1400  cm"1  band  of  quartz. 


Emission  Analysis 


Part  of  the  emission  analyses  values  for  the  residues  from  the  crushed  glass 
samples  are  given  in  Table  7.  Compared  to  the  system  blank  (CG-II20 -0 1 ) ,  it  can 
be  seen  that  the  elements  listed  in  Table  7  can  be  extracted  from  some  or  all  of  the 
glasses  in  quantities  substantially  greater  than  the  blank;  with  the  possible  excep¬ 
tion  of  Ba.  From  Table  7  it  is  also  apparent  that  the  samples  can  be  grouped  by 
the  amounts  of  various  elements  extracted,  and  these  fall  in  the  same  groups  as 
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Cm-1 

FIGURE  25.  INFRARED  SPECTRA  OF  (A)  CG-N-1,  (B)  CG- 7052-1,  AND  (C)  CG-C 
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FIGURE  27.  INFRARED  SPECTRA  OF  (A)  CG-P-1  AND  (B)  CG-H  0-01 
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the  spe°tra  were  arranged  (Figure,  25,  26,  and  27).  Thus  CG-N-1,  CC-7052-1 
and  CG-C-1  have  large  amounts  of  B,  while  the  rest  of  the  extracts  do  not. 

TA3LE  7.  PARTIAL  EMISSION  SPECTROGRAPIIIC  ANALYSES  FOR 
_ _ WATER  EXTRACTIONS  OF  CRUSHED  GLASSES 


Sa 


CG-N-1 

CG-7052 

CG-C-1 

CG-P-1 

CG-V-1 

CG-Q-1 


B 

>100.  0 

Si 

>100.  0 

A 

3. 

.1 

0 

Na 

>100.  0 

Ca 

7.  0 

K 

>100. 0 

Co 

0.  1 

Sb 

3.  0 

>100.  0 

50.  0 

0. 

5 

100.  0 

5. 

0 

>100.  0 

0.  1 

0.  5 

>100. 0 

>100.  0 

3. 

0 

100.  0 

5. 

0 

>100.  0 

2.  0 

0.  5 

15.  0 

30.  0 

0. 

1 

50.  0 

1. 

0 

1.  0 

0.  1 

0.  5 

15.  0 

20.  0 

0. 

1 

5.  0 

1. 

0 

1.  0 

0.  1 

0.  5 

3.  0 

15.  0 

0. 

1 

1.0 

1. 

0 

1. 0 

0.  1 

0.  5 

2.  0 

3.  0 

0. 

1 

1.  0 

0. 

5 

1.  0 

0.  1 

0.  5 

The  samples  of  the  first  group  (CG-N-1,  CG-7052- 1,  and  CG-C-1)  have  the 
largest  amounts  of  Si.  CG-P-1  gives  an  intermediate  value  for  Si  whili  the 
samp  es  of  the  third  group  (CG-V-1  and  CG-Q-1)  give  the  lowest  vkl^  for  Si 
Th  fust  gioup  of  samples  shows  the  presence  of  some  Al,  while  the  rest  of  the 
samples  apparentiy  do  not  contain  Al  since  the  emission  values  are  no  greater  than 
hat  of  the  system  blank  (CG-H20-1).  For  Na,  the  differences  are  even  more  dis- 

erouThas  506u  hTP SSmples  has  100  or  M  of  Na;  while  the  second 

g  oup  has  50  /ig,  and  the  third  group  has  5  or  less  jug  of  this  element  Similar  e 

comparisons  exist  for  most  of  the  elements  listed  in  Table  7.  It  is  interesting  to 

detect^  °fhS  det^ted  in  the  residue  from  cobalt  glass  and  that  Sb  and  As  are 
detected  in  the  residue  from  Nonex  glass. 


Liquid  Water  Extraction  of  Glass  Wool 


The  infrared  spectra  of  the  residues  of  the  water  extractions  of  „  i 

are  shown  in  Figure  28  Fifmrr*  oo  i  .  4,  *  *  ^  ass  wool 

(residue  from  250  mi  f  48  ■  28  (  p)  15  h°  sPectrum  of  a  standard  or  blank 
rw  w  V  m  of  water  in  a  synex  flask  for  10  days).  This  spectrum 

r;  V- rr “ ' 1  “w 

"  °^‘r*  .  r°m  <luart''  wo®1  *«•  a  spectrum  much  Hhc  that  of  ,he  la  k 

The  spectrum  from  pyrex  glass  wool,  however  gave  a  strong  1680  rm-1  i  , u 
pi actically  no  ,620  cm- 1  absorption.  In  400  Cm-  ran"  "  ,3  0  cm-  ab 

sorption  is  much  Cron..,  than  the  ,4,0  cm-  hand  much  “f0°r Tashf:, 
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°f  capillary  tubes.  However  the  important  fact  is  that  these  washes  give  spectrum 
which  are  qualitatively  similar  to  those  of  anomalous  water  preparations.  This 
would  indicate  that  at  least  most  of  the  residue  from  anomalous  water  preparation 
consists  of  material  extracted  from  vlass. 


Carbonate  Derivative 


Analysis 


The  infrared  spectra  of  the  residue  of  the  methanol  or  ethanol  soluble  protion 
of  NaHC03  are  shown  in  Figure  29.  Figure  29  (bottom)  is  the  spectrum  of  the 
ethanol  product  while  Figure  29  (top  and  middle)  are  two  separate  preparations  of 
the  methanol  product.  The  spectra  shown  in  Figure  29  are  similar  to  spectra 
obtained  by  the  University  of  Maryland  (where  the  products  were  first(6)  prepared). 
The  methanol  product  varies  slightly  from  preparation  to  preparation  in  one  of 
three  ways:  (1)  no  Na2CC>3  absorption  is  present  at  880  cm-1  (top  Figure  29), 

(2)  some  Na2C02  absorption  is  present  (middle  Figure  29),  or  (3)  both  Na?Co\ 
absorption  at  880  cm"1  and  an  unknown  absorption  at  865  cm-1  are  present.  In 
any  of  these  cases  these  differing  absorptions  are  weak  and  most  represent  a  very 
small  portion  of  the  sample.  The  major  infrared  bands  are  identical  from 
preparation  to  preparation. 


The  major  (strongest)  bands  of  both  the  methanol  and  ethanol  products  have 
nearly  identical  frequencies  indicating  the  same  basic  structural  unit  in  each  case. 

It  must  be  emphasized  that  none  of  the  spectra  in  Figure  29  match  reference 
spectra  for  sodium  bicarbonate  (NaHC03).  In  these  spectra  (Figure  29)  the  strong 
1625  cm  band  and  the  CH  stretching  vibrations  in  the  2900  cm"1  range  are  of  the 
most  interest,  for  if  this  compound  exists  on  glass,  the  strong  1625  cm"1  band 
would  explain  the  remaining  question  in  the  infrared  spectra  of  anomalous  water. 
The  CH  bands  would  then  have  to  be  due  to  residual  solvent  or  to  a  complex  of  this 

compound  with  the  alcohol  solvent.  Thus  the  research  shifted  to  the  identification 
of  this  methanol  product. 


A  sample  of  the  methanol  product  was  heated  in  air  for  five  hours  at  100  C 
An  infrared  spectrum  of  this  heated  sample  is  shown  at  the  top  of  Figure  30. 

While  some  of  the  original  compound  remains  (see  Tp  bands  at  2960,  1625,  1090 
925,  and  830  cm"1)  most  of  the  sample  has  been  converted  to  sodium  carbonate 
(Na2C03).  Further  heating  at  this  temperature  or  shorter  heating  periods  at  higher 
temperatures  will  complete  the  conversion  to  Na2C03.  Conversion  to  Na?CO, 
upon  heating  is  the  known  behavior  of  NaHC03,  so  the  possibility  existed  that  our 
methanol  product  was  a  different  polymorph  of  NaHC03  with  some  residual 
methanol.  The  bottom  spectrum  of  Figure  30  shows  the  residue  from  the  CC14 
extraction  of  the  heated  sample  (shown  at  the  top  of  Figure  30).  As  can  be  seen 
in  Figure  30,  this  residue  is  not  a  spectrum  of  methanol,  so  if  some  residual 
methanol  remains  it  can  survive  exposure  to  100  C  and  not  be  extracted  with  or¬ 
ganic  solvents,  i.  e.  ,  it  must  be  strongly  bound  or  complexed  to  the  methanol 
product. 
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<TC  ,>T“JOSl  ,h°  ?ossib,11*V  of  complex  formations,  both  thermal  gravimetric 

The  TCa“  SP8C  r°'ry  <MS)  ana‘ySeS  WOr°  °bUin<!d  °"  the  methanol  pr°d- 

uct.  1  he  TGA  run  is  shown  in  Figure  31  TVno  u-  p 

temperature  (programed  for  a  four  degree  temperature  useV  S  W.e'8  '  *°ss  vs' 
that,  upon  heating,  the  sample  immediately to  lose  .  ieh7"Th l' T‘ 
are  several  inflection  points  (change  of  rate  of  weigh,  loss)  before  ,70 C  |ere 

near  this  point  that  the  weight  loss  proceeds  at  a  rapid  ra e  Th7s  ra„id’  i  ” 
tinues  until  near  190  C  where  further  v,03f  P  1S  raPlc^  rate  con- 

loss.  At  230  C  the  total  weigh!  lo «  is  45 Z  ZlllZVeT  add]1‘iona>  ^ ‘8h‘ 
weighMoss  is  far  too  great  to  be  accounted  ^ 

CH3OH  from  a  1:1  CH30H-NaHC03  complex  although  a  CH  ntt  ,  ,u 
excluded.  An  infrared  spectrum  of  the  reside remainiS”  tht  t'ga15  ”°? 
shown  in  Figure  32  and  represents  almost  pure  NagTOj  IS 

was  then^ub^ected  NaHC°3  I”  CH?°H) 

Lf£=HSS£S=- 

Sl»S«Sr= 

igure  33.  The  amplitude  or  ion  current  generated  by  species  in  the  18  IQ 

mass  range  are  shown  at  the  top  of  Figure  33  Thus  mases  of  18  or  HI 
be  seen  coming  off  near  33  C  n^r  «  r  j  mases  oi  18  or  19  (H20)  can 

about  72  C.  co2  (m“ses  wUsIT,  !  '  5  Wlth  *  weaker>  br°*d  Peak,  at 

off  near  55  C  nLr  77  r  t  “'“n  ln  FlCure  33  (second  from  the  top)  coming 
o  t  near  55  C,  near  72  C  and  over  the  broad  range  near  110C.  CHaOH  (mass..  8 

31-32)  is  seen  coming  off  (Figure  33,  second  from  bottom)  near  110  C  aid  140  C 

The  amplitude  are  no,  directly  comparable  (because  of  a  normalization factor! 

iS4-«)le  TMsH?OH  (rSSedh31'3h2)  ,han  either  H3°  (masses  18°-. 9)' oTco  Tmtllls 

»p"«nt” the lofai IT™, /JlflntT  a‘ ,he  b0“°7  °f  Fi8ure  33 

range.  As  can  be  seen  in  the  lower  ™  0 

xtr  • but  thfe  cH30H  peak  at  110  c  £  lt,!  I5  c 

the  products  (H,0  CO^'  ^h  l0W6St  ^0t  h°WeVer’  is  that  none  °{ 

temperature  Instil  l*  •  3°H)  are  the  major  decomposition  products  with 

,  P  .  .  s  a  >  species  which  volatalize  near  83  C  make  ud  the  bulk  nf 

masses  above  44-45.  The  Ifro'ng  p'eTklTinT  S?.?" ”  "*  Str°n8  ^ 

N2  and  02  of  air.  The  distribution  of  these  peaks  i n dTcl  t 1 3  the "p .  * Ml  it 1 °0 f  a 
omplex  mixture  of  hydrocarbon  fragments  and  crnm  ™  \ 

carbon  are  much  bigger  than  the  methyl  groups  which  mightaSbnx6pecTend  for  the"'0" 


04  os  as  t  ae 

X00d  3SW9  JO  3£«IK33a3d 
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NaHCO-j  in  CIIj  OH  product.  Thus  the  mass  spectra]  data  strongly  indicates  that 
there  is  not  enough  CH3OII  for  a  NaIIC03 -CH3OH  complex  or  clathrate  and  that 
hydrocarbons  (larger  than  CH3)  are  present  (or  formed  with  heat)  in  this 
NaIIC03  in  CH3OH  product. 

These  results  led  to  the  use  of  a  computer  search  system  to  compare  the 
infrared  spectrum  of  the  NUHCO3  in  CH3OH  product  against  140,000  reference 
spectra.  One  compound  (sodium  methyl  carbonate)  was  found  to  have  nearly  iden¬ 
tical  infrared  frequencies  (but  different  band  intensities)  with  the  unknown. 

Elemental  analyses  were  then  performed  to  ascertain  if  the  unknown  was  indeed 

O 

sodium  methyl  carbonate  (HaO-C-OCH3).  Emission  spectrographic  analysis  for 
the  NaHCO-j  in  CH3OH  product  are  shown  in  Table  8  and  compared  to  values  for 
the  starting  sodium  bicarbonate.  Other  elements  besides  those  in  the  table  were 
sought,  but  not  detected.  Table  8  demonstrates  that  the  NaHCO-j  in  CH3OH  prod¬ 
uct  could  not  be  a  metallic  imparity  in  the  original  NaHC03 . 

TABLE  8.  EMISSION  SPECTROGRAPHIC  ANALYSES 


Sample 

Elements  (mg) 

Mg 

Si 

Fe 

A1 

K 

Ca 

Na 

NaH  CO3  in  CH3OH 

<10 

10 

<5 

<5 

10 

<5 

»>100 

Product 

NaHCQ3 

10 

<10 

<5 

<5 

<10 

15 

»>100 

C,  H,  N,  and  Na  analyses  are  shown  in  Table  9.  As  can  be  seen  the  observed 
values  are  low  for  carbon  and  hydrogen  and  high  for  sodium  methyl  carbonate. 

This  leaves  the  possibility  that  either  the  product  is  not  sodium  methyl  carbonate 
or  that  the  bulk  of  the  product  is  NaO-CO-OCH3,  but  with  a  sodium-containing 
impurity  present  to  cause  the  discrpancy  in  the  elemental  values.  From  the  in¬ 
frared  spectrum  of  the  NaHC03  in  CH3OH  product,  one  would  have  to  conclude  that, 
the  impurity  is  either  noninfrared  absorbing  or  has  the  identical  frequencies  of 
NaO  -CO-OCH3 . 


TABLE  9.  C-H-N-Na  ANALYTICAL  RESULTS 


Sample  %  C  %  H  %  N  %  Na 


NaHCOo  in  CH3OH-  1 

11  n  11  _2 

11  11  11 

Average  ( 1 ,  2,  3) 

NaO-CO-OCH3  (calc.  ) 


20.2  2.5 

20.0  2.6 
21.6  '  - 
20.6  2.6 
24. 5  3.  1 


<0.1  26.0 
<0.1  25.3 


<0.1  25.7 

0  23.  5 
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In  the:  course  of  the  research  it  was  soon  noticed  that  samples  of  the  NallCO^ 
in  CII3OII  product  showed  changes  when  left  standing  in  air  for  a  period  of  time.  In 
order  to  study  these  changes,  films  of  the  NaIIC03  in  CH3OII  product  were  laid  on 
an  infrared  transmitting  plate  and  an  infrared  spectrum  recorded.  This  spectrum 
was  similar  to  those  shown  in  Tigure  29.  This  film  was  then  allowed  to  stand  in  air 
and  spectra  were  recorded  daily.  Several  of  these  spectra  are  shown  on  Figures  35 
and  36.  The  spectrum  in  Figure  35a  (recorded  after  standing  in  air  three  days) 
shows  traces  of  a  new  band  appearing  at  2940  cm-1  on  the  side  of  the  original  2965 
cm-1  band.  In  addition  new  bands  appear  at  1458  cm-1  and  870  cm-1,  indicative  of 
carbonate  formation.  After  five  days  (Figure  35b)  the  2940  cm'1  band  is  stronger 
then  the  ‘-965  cm  1  band  and  both  the  c>70  and  1448  cm"^  bands  have  increased 
in  intensity.  After  seven  days  (Figure  35c)  the  2965  cm-1  band  has  almost  dis¬ 
appeared,  the  870  cm"l  band  is  very  strong  and  the  band  in  the  1400  cm-1  region 
has  increased  in  intensity  and  shifted  to  1449  cm-1.  All  of  the  remaining  bands  of 
the  NaHCC>3  ln  CH3OH  product  by  now  have  obviously  decreased  in  intensity.  After 
ten  days  (Figure  36d)  these  changes  are  even  more  pronounced  and  in  addition  a 
new  band  has  appeared  at  905  cm-1.  By  the  end  of  24  days  (Figure  36e)  virtually 
all  of  the  bands  of  the  original  product  have  disappeared  to  be  replaced  mainly  by 
sodium  carbonate  (  1448  and  870  cm-1)  but  also  by  a  surprisingly  large  amount  of 
CH  (2940  cm  1).  This  CH  has  changed  from  the  CH3  (2965)  of  the  original  sample 
to  absorption  bands  typical  of  a  hydrocarbon  chain  (CH3  at  2965  cm-1  and  CH2  at 
2940  cm-1).  The  unusual  formation  of  a  hydrocarbon  chain  from  methyl  groups 
suggests  the  possibility  that  the  905  cm-1  band  could  arise  from  olefinic 
unsaturation. 

Since  oxygen  may  accelerate  or  catalyze  the  decomposition,  a  fresh  sample 
was  placed  on  an  infrared  transmitting  plate  and  alloweu  to  stand  in  a  vacuum 
instead  of  in  air.  Spectra  were  recorded  daily,  some  of  which  are  shown  in 
Figure  37  and  38.  Unlike  the  sample  exposed  to  air,  three  days  in  a  vacuum 
(Figure  3  7,  top)  did  not  show  the  formation  of  a  new  CH  band  at  2940  cm'l,  but  did 
show  carbonate  formation  (143  5  and  880  cm'*).  After  seven  days,  the  spectrum 
(Figure  37,  bottom)  of  the  sample  shows  increasing  amounts  of  carbonate  and  the 
appearance  of  a  new  CH  band  at  2940  cm’l.  After  12  days  (Figure  38,  top)  the 
2940  cm-*  band  is  readily  discernible,  but  it  is  not  until  24  days  (Figure  38, 
bottom)  that  the  CH  intensity  at  2940  cm'l  is  stronger  than  that  of  the  original 
CH  band  (2965  cm'l),  By  this  time  the  sample  is  mostly  carbonate  and  apparently 
is  much  like  the  sample  after  standing  24  days  in  air  (Figure  36,  bottom).  How¬ 
ever  closer  examination  reveals  that  there  are  distinct  differences  between  the 
sample  that  decomposed  in  air  and  the  sample  that  decomposed  in  a  vacuum,  This 
is  demonstrated  in  Figure  39  which  shows  the  spectra  of  a  sample  after  10  days  in 
air  (Figure  39,  top)  and  10  days  in  a  vacuum  (Figure  39,  bottom).  One  obvious 
difference  is  that  the  rate  of  carbonate  formation  (or  decomposition  of  the  original 
sample)  is  not  as  great  in  the  vacuum  sample  as  in  the  air  sample.  A  less  obvious 
difference  is  that  the  carbonate  absorption  bands  are  at  different  frequencies  (1448 
and  870  cm'l  in  the  air  sample  compared  to  143  5  and  880  cm'l  in  the  vacuum 
sample).  Figure  40  shows  a  comparison  of  the  24  day  air  sample  and  vacuum 
sample  which  more  clearly  demonstrates  the  same  difference  in  carbonate  fre¬ 
quencies.  Thus  while  both  samples  decompose  to  a  carbonate,  each  decomposes 
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to  a  different  carbonate  probably  different  polymorphic  forme 

ing  a  different  amount  of  water  of  hydrationP°  f°rmS  °r  SpGCieS  COntai"- 


Extraction 


A  fresh  sample  of  the  NaHC03  in  CH,OH 
spectrum  of  which  is  shown  in  Figure  41  (too)  Th,s  ^  Pr6pared’  the 
in  air  for  a  period  of  about  21  davs  Th*  ?  \  sample  was  allowed  to  stand 

shown  in  Figure  41  (bottom)  From  thi  °f  this  21  day  old  sample  is 

is  still  some  of  the  original  sample  left  m^VfThadT  ^  there 

bonate.  Also  not  as  much  of  the  CH  component  (2940 cm* lT^f1  t0  S°dium  car‘ 
of  the  previous  samples  (Figure  36E  and  3ft  u  Was  f°rrned  as  in  some 

the  samp,e  was  exacted  fiLt  wLh  Cc""  and  h "T  CHC^  21  da^>' 

residue  from  the  CHCH  extract  and  >n  ”  LHC13-  The  spectra  of  the 
and  bottom  respectively  Only  a  sm^t  4  ?  Sh°Wn  in  Fi«ur<J  42>  top 

extraction,  while  the  spectrum  of  the  CCl^rlcVo^r.h  “  ‘""T*.!"  each 
it  is  significant  to  note  that  onlv  oreanirc  /4  v,  ^  °WS  wea^  absorptions, 

2900  em-1,  are  present,  M"^c‘:\^r^ft;CH.,b,0rPtl<>"  “« 
polar  groups  (no  C-O  absorptions)  ThP  /  c^rbon  in  nature  with  no 

both  Na2C03  absorptions  and  absorptions  f  r  om”  th  /  nTh  C O  f  'o  H  *  '  '  *1'°'"* 

However  the  CH  bands  (near  2900  cm-1)  are  much  ,  3  "  CH3°H  Product, 

sample  indicating  extraction  of  a  hydrocarbon-like  mlteHal  “  ‘he  °riginal 

The  residues  from  the  CC14  and  CHCl* 

to  mass  spectral  analysis.  The  sample  wa  heated  1  W<!re  C°mbined  and  objected 
resolution  mass  spectra  were  taken  ft  ‘  d  1  a  Pr°gra™med  rate  and  high 

near  50  C,  near  150  C,  and  20  C Ze  '??*•****”•  The-  -ss  spectra 

tively.  The  primary  difference  senZ  ^T  ?  ^  43 >  and  45  —  Pec- 

temperature  is  raised  more  fragments  off  ,lgUrGS  1S  the  exPected  one  -  as  the 

However  the  important  facts  to  be  learned ^r8omrtreamanUmberS  ^  detected' 
clearly  apparent  from  the  figures  Thf»  v>*  u  .  SS  sPertral  data  are  not 

computer  programmed  to  handle  these  hifh  reS°lutlon  caPabUity  coupled  with  a 
the  most  probable  empirica!  ^  -solution  data  allows  one  to  predict 

empirical  formulas  it^an  be  defTnilelv  shown maSS  peak  From  these 
a  complex  mixture  of  hydrocarbon  (onlv  C  a  l  rf  <•  GSC  Samples  are  primarily 
up  to  C20.  A  small  percentage Z  length 

taining  C,  H,  and  O.  At  40  C  mn«:f8f  n,  u  j  10  percent)  are  fragments  con- 
lower,  while  at  150  and  200  the  fragment!  Y  T°C*rhon  are  CJ2  or 

data  alone  do  not  establish  definitely  that  anv  o^llfT  7^  ^  Cz°'  MaSS  spectral 
unsaturated,  but  the  infrared  data  (Figures  35  { nd" 3^ drocarbon  frag^ents  are 
appear  highly  likely.  Thus  the  NaHCO,  in  CH„nw  &  S°mC  unsaUlration 

tains  only  methyl  groups)  goes  through^  de  3  froduct  (which  originally  con- 
converting  CH3  groups  to  CH3  (CH2)  -  hydro^TfbT  h"  mechanism  'vhith  involves 
likley  unsaturated  hydrocarbons.  11  chains>  some  of  which  arc 
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nGURE  44.  MASS  SPECTRA  OF  THE  RESIDUE  FROM  THE  CHC13  AND  CCI4  EXTRACTS  OF  THE 
NallCOg  IN  CH3OII  PRODUCT  AT  150  C 
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FIGURE  45.  MASS  SPECTRA  OF  THE  RESIDUE  FROM  THE  CHCI3  AND  CCI4  EXTRACTS  OF  THE 
NallCO.,  INCII.-jOII  PRODUCTAT200C 
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DISCUSSION 


The  results  of  this  research  lead  to  two  important  and  major  .conclus ions: 

(1)  even  though  the  infrared  spectrum  of  anomalous  water  is  not  completely  ex¬ 
plained,  the  qualitative  similarity  of  the  elemental  composition  of  the  various 
water  washes  and  preparations  demonstrates  that  the  material  that  has  been 
called  "anomalous  water"  consists  mainly  of  material  extracted  from  glass  and 
residues  from  the.  water  itself  and  (2)  the  chemistry  of  the  formation  and  decom¬ 
position  of  the  NahlCO^  in  CH3OH  product  coupled  with  some  of  the  analytical 
results  of  the  anomalous  water  research  indicates  the  probability  of  the  occur¬ 
rence  of  unusual  chemical  reactions  occuring  in  water-glass  systems  which  may 
be  of  major  importance. 

The  infrared  spectrum  of  anomalous  water  consists  of  three  absorption  band 
complexes:  one  near  1600  cm-1,  one  near  1400  cm'*,  and  one  in  the  1000-1150 
cm-1  region.  The  elemental  composition  detected  for  the  various  water  washes 
and  anomalous  water  preparations  have  established  that  the  observed  infrared 
frequencies  between  1040  and  1090  cm'*  arise  from  Si-O  vibrations  and  those 
between  1120  and  1140  cm"1  are  S-O  frequencies.  In  the  1400  cm"1  range,  the 
frequencies  above  1400  cm'*  could  be  explained  as  carbonate  vibrations  and  those 
below  1400  cm"1  (near  1360  cm'1)  as  nitrate  frequencies.  The  detection  of  car¬ 
bon  in  all  samples  combined  with  the  infrared  evidence  support  the  presence  of 
carbonates  and  the  identification  of  H2O-CP-3  as  primarily  sodium  nitrate  helps 
support  the  nitrate  concept.  This  leaves  the  frequencies  near  1600  cm-1  as  the 
only  infrared  band  to  be  explained.  The  infrared  spectrum  of  the  NaHCC>3  in 
CH3OH  product  shows  a  strong  1620  cm'1  frequency.  Although  this  compound  has 
not  yet  been  isolated  from  the  anomalous  water  material,  it  is  certain  that  car¬ 
bonates  or  derivatives  of  carbonates  do  exist  in  the  anomalous  water  system.  This 
coupled  with  the  fact  that  hydrocarbons  have  always  been  detected  in  the  prepara¬ 
tions  and  the  decomposition  behavior  of  the  NaHCOj  in  CH3OH  product,  suggests 
that  a  compound  with  a  strong  1600  cm"1  band  is  present  in  the  anomalous  water 
system.  Thus  most  of  the  infrared  spectrum  of  anomalous  water  can  be  explained 
with  assurance  and  reasonable  suggestions  can  be  advanced  to  explain  the  rest  of 
the  spectrum.  None  of  the  species  postulated  involve  a  form  of  water. 

However,  the  single  most  important  fact  arguing  against  anomalous  water 
being  a  form  of  water  is  that  every  water  washing  (whether  of  capillary  tubes, 
crushed  glass,  or  glass  wool)  and  every  preparation  of  anomalous  water  (whether 
from  cleaned  or  uncleaned  tubes)  give  similar  infrared  spectra  and  have  qualita¬ 
tively  similar  chemical  constituents.  It  is  impossible  to  believe  that  this  arises 
from  any  cause  other  than  the  combination  of  extraction  of  materials  from  glass 
and  the  residue  of  water  itself. 

As  stated  previously,  all  preparations  of  anomalous  water  showed  the  pres¬ 
ence  of  small  amounts  of  organic  material  in  the  form  of  CH2  and  CH3  groups. 

Other  workers*4)  have  postulated  that  these  organics  resulted  from  the  absorption 
of  perspiration  aerosols  by  glass.  Under  the  "clean"  conditions  of  our  experiments 
this  seemed  unlikely.  The  behavior  of  the  NaHC03  in  CH3OII  product  offers  another 
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explanation.  Since  during  the  decomposition  of  the  NaHC03  product,  it  has  been 
shown  that  CH3  groups  are  converted  to  CH3(CH2)2  chains,  it  is  possible  arguing 
by  analogy  that  carbon  on  glass  can  also  be  converted  to  hydrocarbon  groups. 
Thus  the  isolation  and  study  of  the  chemistry  of  this  species  could  be  of  immense 
importance  in  many  areas  of  science. 
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APPENDIX  A  -  SAMPLE  NOTATION 


LW-H^O-OO  Blank,  the  residue  obtained  from  just  the  water  used  for  the 
liquid  washings , 

LW-H^O-Ol  First  system  blank  for  the  liquid  washings  with  water,  i.e., 
water  extract  of  baking  dish,  flask,  and  vial. 


LW-H^O-OZ  Second  system  blank  for  the  liquid  washings  with  water. 
LW-H^O-l  First  liquid  washing  of  pyrex  capillary  tubes  with  water. 


LW-H^O-IB  Fifteenth  liquid  washing  of  the  same  pyrex  capillary  tubes  with 
water. 


h2o-cp-i 


First  preparation  of  anomalous  material  from  water  using  the 
cleaned  pyrex  tubes  from  LW-H2O-I5. 


HzO-CP-8 


Eighth  preparation  of  anomalous  material  from  water  using  the 
same  cleaned  pyrex  tubes  as  in  H2O-CP-I. 


h2o-up-i 


First  preparation  of  anomalous  material  from  water  using 
uncleaned  pyrex  tubes. 


HzO-UP-7 

h2o2-p-i 

h2o2-p-ih 

LW-Pr-00 

LW-Pr-01 


Seventh  preparation  of  anomalous  material  from  water  using 
uncleaned  pyrex  tubes. 

First  preparation  of  anomalous  material  from  a  3  percent 
H2O2  solution  using  pyrex  tubes. 

Sample  H2O2-P-I  after  heating  in  air  at  400  C  for  60  minutes. 

Blank,  the  residue  obtained  from  just  the  propanol- 1  used  for  the 
liquid  washings. 

Blank,  a  propanol- 1  extract  of  Saran  wrap. 


A-2 


LW-Pr-1 

LW-Pr-2 

vw-h2o-i 


First  liquid  washing  of  pyrex  capillary  tubes  with  propanol- 1. 
Second  liquid  washing  of  pyrex  capillary  tubes  with  propanol- 1. 
Fircf  vapor  washing  of  pyrex  capillary  tubes  with  steam. 


VW-H^O- 12 

CG-N-1 

CG-7052- 1 

CG-C-1 

CG-P-1 

CG-U-1 

CG-V-1 

CG-Q-1 

cg-h2o-oi 

gw-h2o-i 

GW-HzO-2 

gw-p-h2o-i 

GW-P-H20-2 

gw-q-h2o-i 

GW-Q-H20-2 


Twelfth  vapor  washing  of  pyrex  capillary  tubes  with  steam. 

First  water  extraction  of  Nonex  crushed  glass. 

First  water  extraction  of  7052  crushed  glass. 

First  water  extractoin  of  cobalt  crushed  glass. 

First  water  extraction  of  pyrex  crushed  glass. 

First  water  extraction  of  uranium  crushed  glass. 

First  water  extraction  of  Vycor  crushed  glass. 

First  water  extraction  of  quartz  crushed  glass. 

Blank,  residue  from  water  extraction  of  flask  used  for  crushed 
glass  extractions. 

Blank,  residue  from  water  extraction  of  flask  used  for  glass 
wool  extractions. 

Second  blank,  residue  from  water  extractions  of  flask  used  for 
glass  wool  extractions. 

First  water  extraction  of  pyrex  glass  wool. 

Second  water  extraction  of  pyrex  glass  wool. 

First  water  extraction  of  quartz  glass  wool. 

Second  water  extraction  of  quartz  glass  wool. 
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APPENDIX  B 


